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DESIGN OF MACHINE ELEMENTS. third Eaition 


By VIRGIL M. FAIRES, Professor of Mechanical Engineering, North Carolina 
State College 


Machine Design states: “The third edition of this book has been developed to 
be more useful to practicing engineers as well as to students. Emphasis is on 
adaptation of theory to practical design. ‘Treatment of variable stresses and 
fatigue has been expanded, as has coverage of mechanical properties of ma- 
terials.” 1955. 550 pages. $7.50. 


Revised Notes on Alloyed Irons and Steel (J. H. C. Thompson) will be distributed with 
each copy of the third editon of Design of Machine Elements after November 1st. 


PROBLEMS ON THE DESIGN OF 
MACHINE ELEMENTS. thira Edition 


By VIRGIL M. FAIRES and ROY M. WINGREN, Professor of Mechanical 
Engineering, Agricultural and Mechanical College of Texas 


Containing over 1000 problems plus an appendix of 38 pages of useful equa- 
tions, this book features: (1) tabular values for handy reference in working the : 
problems without referring to the text, and (2) the revision of problems with 
new design data and new design techniques. 1955. 148 pages. $2.25. 


APPLI ED TH ERMODYNAMICS Revised Edition 
By VIRGIL M. FAIRES 


All the theory applicable to heat power engineering is found here plus numerous 
examples of the devices to which it applies. The fundamental processes are 
treated in detail—for perfect gases, for vapors, for mixtures of gases and 
vapors—including irreversible processes. The idea of the energy diagram 
(or system) is repeatedly applied to the analysis of steady-flow devices. 
1947. 480 pages. $6.00. 


PROBLEMS ON 
APPLIED THERMODYNAMICS Second Edition 


By VIRGIL M. FAIRES, ALEXANDER V. BREWER and CLIFFORD 
M. SIMMANG 
Although specifically designed for use with Faires’ Applied Thermodynamics, 
it may be employed with any text that emphasizes the general equation. 
Over 1200 problems are included and all necessary tables and charts are 
given in the appendix. 1948. 151 pages. $2.10. 


Lhe Macmillan 


60 FIFTH AVENUE, NEW YORK 11 
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New 3d edition... 
ELEMENTARY SURVEYING 


By 
Russell C. Brinker 


Head, Department of Civil Engineering 
Virginia Polytechnic Institute 


and 


Warren C. Taylor 


Professor Emeritus of Civil Engineering 
Union College 


This new edition of ELEMENTARY SuRVEYING, revised by Professor 
Brinker, has been completely rewritten and reset. Greater emphasis is 
placed upon the theory of errors and optics, the use of significant figures, 
and practical field methods. The book has been designed to meet the 
needs of general service courses for non-civil-engineering students, and of 
beginning courses for civil-engineering students where a relatively brief 
but complete book is desired. Other outstanding features of the Third 
Edition include: 


@ Theory and practice tied together as basis for succeeding engineering subjects. 


e Discussion of latest equipment, including subtense bar, theodolites, self-reducing 
stadia instruments, geodimeter, optical tooling devices. 


e@ Large number of chapters (25) permits inclusion or omission of individual 
subjects. 


@ Separate chapter on applications to optical tooling. 


e@ Notes and noteforms discussed in separate chapter. Sample noteforms grouped 
at end of book, for convenient reference. 


e@ Large number of problems available at ends of chapters, offering wide choice 
in selection of assignments. 


November 540 Pages List Price $4.50 


INTERNATIONAL TEXTBOOK COMPANY 


Scranton 9, Pennsylvania 
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Com- 
sion of 

D IN POWER... CONSTRUCTION... MANUFACTURING 
ean 


There’s Opportunity 
at ALLIS-CHALMERS 
for Your Graduates 


As one of the leading manufacturers of equipment for 
RICH. the world’s basic industries, Allis-Chalmers presents 
opportunities in many fields. 


The Allis-Chalmers Graduate Training Courses program of- 


s fers up to two years of theoretical and practical training in: 
Research Production 

Engineering Sales 

aa and covering a broad industry range including: 


Agriculture 
Steel Production 
Atomic Energy 


Electric Power 
3RANI- Mining 
Chemical & Food Processing 


MSBY 
AN Get more information about Allis-Chalmers unique Grad- 
— uate Training Courses from the Allis-Chalmers representa- 
es: tive visiting your campus... or write Allis-Chalmers, 
inti Graduate Training Section, Milwaukee 1, Wisconsin. 

NDORF 

N 

-R. F. 

THE COURSE—F'stablished in 1904, program, developing his abilities 

it has been used as a model for _ in the direction his interests lead 

industry since that time. him. 

OPERATION — Maximum 24 OBJECTIVES—Program is designed 
re months—length and type of to put the right man in the right. 
—— training is individually planned. job and to develop men of man- 
Entered Trainee is advised by competent agement potential. 


2, 1912. 


counselors who are available 
throughout training period. 


OPTIONS— Trainee selects his own 


RESULTS— Many members of Allis- 
Chalmers management team are 
graduates of this course. A-4820 
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At Boeing 


one of each 


seven employees 


isan engineer! 


Fifteen years ago at Boeing one of 
each 16 employees was an engineer. 
Today the figure is one in seven! Noth- 
ing could better exemplify to the engi- 
neering student seeking placement 
counsel the career opportunities with 
this 38-year-old company. 

Boeing Airplane Company is con- 
stantly seeking engineers of ability—in 
Research, Design and Production. At 
Boeing a great challenge lies ahead for 
the young engineer in such diverse 
programs as: 

The B-52 and B-47 multi-jet bombers. 
The “707,” America’s first jet transport. 


Research in nuclear powered and 
supersonic flight. 

One of the nation’s major guided mis- 
sile programs, the IM-99 Bomarc pilot- 
less aircraft. 


Beyond these? Boeing engineers are 
continually projecting 10, 15, even 20 
years into the future. 


Opportunities in practically all 
fields of study are available to your stu- 
dents. Our engineers hold degrees in 
electrical, civil, mechanical, aeronau- 
tical and related engineering fields. 
Also included are many physicists 
and mathematicians with advanced 


degrees. 


Daytime graduate study while work- 
ing is encouraged. Reimbursement is 
made for all tuition expense. The com- 
pany promotes from within and holds 
regular merit reviews to assure individ- 
ual recognition. 

If you or any students would like 
additional information about engineer- 
ing careers at Boeing, write: 


JOHN C. SANDERS, Staff Engineer—Personnel 
Boeing Airplane Company, Seattle 14, Wash. 
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or 


easy to teach 
to learn 


with the New, LOW COST 


YOU TEACH BY VISUAL EXPERIMENT 
~YOUR STUDENTS LEARN BY DOING 


@ Here's another important “first” from 
Crow Electri-Craft—electronics by visual 
experiment! This unique new kit is designed 
for students who have completed the Be- 
ginners’ Electricity course with Crow Electri- 
Kit Model 41-B or equivalent training. It 
permits them to advance immediately into 
the study of electronics. They learn by 
doing; that is, they verify electronic prin- 
ciples by building their own operating as- 
semblies . . . the most fascinating and ef- 
fective instruction method ever devised. 


Model 50-A contains 82 precision-made 
components—everything needed to per- 
form 60 experiments in electronic funda- 
mentals. A 275-page, illustrated manual in 
worksheet form is also included. It guides 
students step-by-step ... shows what parts 
are needed for each assembly, how to set 
it up, and how the theory involved is put 
to practical use. 


This Basic Kit provides a solid foundation 
for further training in specialized electronic 
fields—Radio Transmitting and Receiv- 
ing, Industrial Electronic Circuitry, or 
Basic Radar and Television Circuitry. All 
of these principles are covered in the Crow 
Electronic Tubes, Circuits and Devices Kit 
(Model 53) available soon. 


60 Operating Assemblies 


Capacitors ¢ Voltage Dividers © Vibrators 
Frequency Discriminators ¢ Filters 
Frequency Multipliers © Resonant Circuits 
Electrical Indicating Instruments 
Rectifiers ¢ Fly-back Voltage Supply Principles 


82 parts precision meter (4:1%), 
precision resistors, coils, potentiometer, recti- 
fiers, capacitor bank, etc., plus 275-page 
manual. All parts mounted for use 
“Kwik-Kiip" soldertess connectors. Sup: 
‘in sturdy corrugated case... 


Hardwood Carrying Cose 

For Model 50-A, Has pegboard top: and slip 

hinges. Can be wed as baseboard for ex- 
periments 73 


For those who already own Model 41-8 
Electri-Kit. Some as Model 50-A (above) 
with all components omitted. .$57,50 


Write for bulletin describing CROW 
Basic Electronics Kit Model 50-A. 
BUILD YOUR ELECTRICAL AND ELECTRONIC 
COURSES AROUND CROW EQUIPMENT 


Box 326H, Vincennes, Indiana 


| | 
Crow Basic Electronics 
150-A 
it...Mode 
Crow Basic Electronics Kit Model 50-B foes 
: 
Vash. 


Type 1210-B Unit R-C Oscillator (at right): $140 
Type 1203-A Unit Power Supply: $40 


UNIT R-C Oscillator 
20 Cycles to 0.5 Me 


Supplies Both Square and Sine Waves 


Three Outputs: AVC System: fast response insure Sor 
Low-Voltage, Low-Impedance (0 to constant output when line voltag 
Tv, 502); constant within +1 db to fluctuates 
200 kc; less than 1% no-load distor- silat 
tion from 200 c to 200 kc, less than Logarithmic Output Control, at 

justable and calibrated from 0 
1.5% over entire range; hum at least db 
60 db down 
High-Voltage, High-Impedance (0 to 
45 v, 12.5 kQ), constant within +1 
db and less than 5% distortion at no 


Slow-Motion Frequency Conttd 
for small frequency increments 
each decade covered by 414 turns0/ 


load from 200 c to 20 kc (decreases to knob 
2.5% under load); hum at least 50 db —_—— Precision Dial can be motor driv} This exp 
below maximum output by Type 908-P Synchronous-Did ~~ vi 
ll Lab 
Square Waves (0 to 30 v peak-to-peak); Drives for automatic display of all shay 
25002 output impedance; less than plitude-frequency characteristics | “over-the 
0.25us rise time and 1% overshoot; 
hum at least 60 db down Prices are net, FOB Cambridge 
or West Concord, Mass. Bell T 
GENERAL RADIO Company _— 
Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A. 
Mprov. ng 


90 YORK 6 

k Road, Al PHILADELPHIA 

S. Michigan Ave. CHICAGO 5 

1000 N. Seward St. LOS ANGELES 38 


Provides 
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Z 
Highly 
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light wh 
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Highly schematic drawing illustrates the possible distribution of energy in ultra-high-fre- 


quency “over-the-horizon” transmission. The effect is similar to that of a powerful search- 
light whose beam points into the sky. Light can be seen miles away from behind a hill 
even when the searchlight lens is invisible. 


Something new on the telephone horizon 


This experimental 60-foot antenna 
(rear view) photographed at the 
Bell Laboratories in Holmdel, New 
Jersey, is designed for study of 
“over-the-horizon” phenomena. 


Bell Telephone 
Laboratories 


Improving telephone service for America 
Provides careers for creative men in 
scientific and technical fields. 


Telephone conversations and television pic- 
tures can now travel by ultra-high-frequency 
radio waves far beyond the horizon. This was 
recently demonstrated by Bell Telephone Lab- 
oratories and Massachusetts Institute of Tech- 
nology scientists using “over-the-horizon” wave 
propagation, an important recent development 
in the radio transmission field. 


This technique makes possible 200-mile spans 
from station to station, instead of the 30-mile 
paths used for present line-of-sight transmission. 
It opens the way to ultra-high frequencies across 
water or over rugged terrain, where relay sta- 
tions would be difficult to build. 


In standard microwave line-of-sight transmis- 
sion, stations are so spaced that the main beam 
can be used. But some signals drop off this 
main beam as it shoots outward into space. They 
reach distant points beyond the horizon after 
reflection or scattering by the atmosphere. The 
greater power and larger antennas of the “over- 
the-horizon” system permit recapture of some 
of these signals and make them useful carriers. 
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New INCGRAW-HILL Books 


THE CHEMICAL PROCESS INDUSTRIES 


By R. NORRIS SHREVE, Purdue University. McGraw-Hill Series in Chemical 

Engineering. 957 pages, $10.00. (Textbook edition available) 
Offering a definitely new approach, the author follows modern factory practice 
in breaking down the actual industrial procedures into unit operations and unit 
processes, not only in the flow sheets, but in the supplementary text as well. An 
excellent one-volume treatise for the student who wants to know how the products 
in the field are manufactured. The book presents a wealth of flow sheets, integrates 
——_ processes and unit physical operations, and covers modern advances in 
the field. 


MASS TRANSFER OPERATIONS 


By ROBERT E. TREYBAL, New York University. McGraw-Hill Series in 

Chemical Engineering. 682 pages, $9.50 
The first completely integrated treatment of mass transfer operations. Provides 
an introduction to the general features of diffusion, and the techniques used in the 
industrial applications of the mass transfer operations. The book covers the principles 
of equipment design, equipment operation, and the fields of application for the follow- 
ing unit operations: humidification and dehumidification, gas absorption, distillation, 
liquid extraction, adsorption of gases and liquids, ion exchange, drying, leaching, 
dialysis, atmolysis or mass diffusion, and thermal diffusion. 


INTRODUCTION TO CHEMICAL ENGINEERING 


By WALTER L. BADGER, Consulting Engineer; and JULIUS T. BANCHERO, 
— of Michigan. McGraw-Hill Chemical Engineering Series. 786 pages, 
-50 


Here is an outstanding text presenting a discussion of the unit operations of chem- 
ical engineering, covering both theory and practice, and complete with 418 excellent 
illustrations of equipment, showing actual detailed construction. The theory is de- 
veloped from the simplest considerations, but in a rigorous manner. An earnest 
attempt has been made to classify the various types of equipment used in the chemical 
industries and, so far as possible, to coordinate theory with design. 


CHEMICAL ENGINEERING COST ESTIMATION 


By ROBERT S. ARIES, R. S. Aries & Associates; and ROBERT D. NEW- 
TON, Charles Pfizer & Company, Inc. McGraw-Hill Series in Chemical Engineer- 
ing. 280 pages, $6.00 
This new text outlines the principles of cost estimation and evaluation, and provides 
quantitative data for application of the techniques discussed for resolution of prob- 
lems encountered in modern industrial practice. Its all-inclusive scope covers the 
deviation of the individual components of investment, cost, and profit, their interrela- 
tionships, quantitative measure, and application. Illustrative problems are included. 


PROCESS ENGINEERING ECONOMICS 


By HERBERT E. SCHWEYER, University of Florida. McGraw-Hill Series in 

Chemical Engineering. 420 pages, $7.50 
For students, this distinctive new work provides a composite coverage of theoreti- 
cal engineering economy; accounting and finance data, including estimations and eval- 
uations of the economic feasibility of operations; and economic balance in order to 
determine the optimum range of operations at lowest cost. For practicing engineers, 
this is a source book of ideas for effecting savings in design and operation, presented in 
the terminology and form with which management is familiar. It is a simple, teach- 
able text that explains the practical use of cost data in evaluating the economic feasi- 
bility of processes, based on theoretical economy principles. The combination of 
theory with actual practice is distinctive. 


SEND FOR COPIES ON APPROVAL 


McGRAW-HILL BOOK COMPANY, INC. 
330 West 42nd Street New York 36, N. Y. 


Do 


p One o 
Secretary 

each issue 
the month | 
‘tick our | 
know we a 
sme probl 
custom may 
ticularly 
mary issué 
lay and the 
ties may hi 
issue. 
we get con 
todate. B 
of address 
book can b 
make it. 


p> The 1 
organizing 
on Technic 
stitute Edt 
possible by 
valued at a 
liston, retir 
stitute. M 
Society sine 
the Society 
09, and an 
in 1900-03 
third recipi 
Award, 19£ 
Mr. Willist 
possible the 
book on T. 
nittee apy 
consists of 
Dobbs, M. 
Miss J. Mil 
AL. Will 


> The p 
of Enginee 
voted to a ¢ 
education. 

asked to co 
organizatio! 
the 
and scope 


\ 
\ \ 
— 
—— 
— 
—— 


p One of the aims of your Editor and 
Secretary for the coming year is to get 
each issue of the JouRNAL to you during 
the month of issue. Perhaps we shouldn’t 
“tick our necks out,” but we want you to 
know we are going to try. There will be 
sme problems and some departures from 
custom may need to be made. That is par- 
ticularly true of the Yearbook, the Feb- 
mary issue. It is the chief cause of de- 
lay and the enrollment and degree statis- 
ties may have to be published in another 
sue. And in regard to the Yearbook— 
ye get complaints about it not being up 
todate. But did you send in your change 
of address card promptly? The Year- 
book can be only as good as the members 
make it. 


> The Technical Institute Division is 
organizing its forees for a big job—a book 
on Technical Institutes and Technical In- 
stitute Education. The project is made 
possible by the generous gift of securities 
valued at about $6,000 by Arthur L. Wil- 
liston, retired principal of Wentworth In- 
stitute. Mr. Williston, a member of the 
Society since 1897, was a vice president of 
the Society in 1909-10, Secretary in 1907- 
(9, and a member of the General Council 
in 1900-03 and 1905-08. He is also the 
third recipient of the James H. McGraw 
Award, 1952. The Society is grateful to 
Mr. Williston for his generosity in making 
possible the preparation of a much needed 
book on Technical Institutes. The com- 
nittee appointed to prepare the book 
consists of Professor H. P. Adams, F. E. 
Dobbs, M. R. Graney, S. C. Hollister, 
Miss J. Miller, B. T. Thorogood, and Mr. 
4. L. Williston. 


> The program of the Annual Meeting 
of Engineers Joint Council is to be de- 
voted to a discussion of technical institute 
education. ASEE and ECPD have been 
tsked to cooperate in the planning; each 
organization will have two representatives 
m the planning committee. The nature 
and scope of technical institute training 
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and the relation between such graduates 
and engineering graduates in an attempt 
to meet our engineering manpower needs 
is the central thought of the meeting. 
Representatives from industry and the 
armed forces will be invited to participate 
in this discussion of the effective use of 
engineering technicians. 


B® The Committee on Evaluation of En- 
gineering Education has been discharged. 
It has done a monumental task and is to 
be highly commended for its work. To its 
chairman, Dean L. E. Grinter of the Uni- 
versity of Florida, to its secretary, Pro- 
fessor D. H. Pletta of Virginia Polytech- 
nic Institute, and to each member of the 
committee, the Society owes a deep debt 
of gratitude and appreciation. A pattern 
has been developed for the future and our 
sights now can be focused on objectives. 
The next step is implementation, and to 
be sure something is done it is proposed 
that a new committee be appointed, its 
membership composed of the chairmen of 
Divisions. The committee will work out 
its own plans and procedures. 


B® The Teaching Aids Bulletin commit- 
tee also has been discharged. With the 
publication of the Educational Aids Man- 
ual the work of the committee has come 
to a close. The project, however, should 
not be thought of as dead; there are addi- 
tional areas of engineering to be covered 
and funds are available for the work if 
the need exists and the interest is evident. 
Carl W. Muhlenbruch of Education and 
Technical Consultants, Inc., spent a tre- 
mendous amount of work on this project; 
he and all who worked with him are 
thanked for their efforts. The Manual has 
been a success; the first printing is al- 
most exhausted and plans are being made 
for reprinting. 


B® The third ad hoe committee to be 
discharged is Printing Economy, G. W. 
Farnham, Chairman. A committee by 
such, or similar, name is appointed about 
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every five years to study the cost of print- They have done a good job in the past and 
ing the JOURNAL OF ENGINEERING Epuca-_ will do so again. It is hoped every in. 
TION. In its latest study, it reported the stitution will have an active YET group 
prices charged by Lancaster Press were working on membership. Comments re. 
reasonable and that they were giving ex-. ceived at the Annual Meeting indicate 
cellent service. A few odds and ends re-_ that some schools are planning their own 
main to be checked, but our Treasurer, campaigns for all members of the faeul- 
G. W. Farnham, has been asked to report ties; some said each of us should do more 
directly to the Executive Board. as individuals. Anyone wanting applica- 
> “Aim for Ames in ’56” will be seen tion blanks ean get them from the Seere- 
and heard many times during the coming ‘@ry’s office. The Yearbook always con- 
year. It will be the phrase most fre- tains a membership application form, but 
quently used in the publicity for next for everyone’s convenience, now that a 
year’s Annual Meeting at Iowa State, new school year has just started, an ap. 
June 25-29. Mark the date on your cal- plication blank is printed below. Give it 


endar and “Aim for Ames in ’56.” to a friend, have him fill it out and mail 
’ 

conduct an active membership drive as W. Leighton Collins, 

part of its program for the coming year. Secretary. 


Return to the Secretary, W. Leighton Collins, University of Illinois, Urbana, Ill. 


I desire to become a member of 
THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION 
and hereby agree to conform to the requirements of membership, if elected, and 


submit the following 
STATEMENT OF QUALIFICATIONS 
(Print Last Name) (First) (Middle) 
(Number and Street) 
(City, Postal Zone and State) 
(Title) (Department) 


Annual dues are $8.00 per year except from members under 36 years of age 
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An Administrator Takes a Look at General 


Studies for Engineers 


By JESS H. DAVIS 
President, Stevens Institute of Technology 


As far as I can tell, the excitement 
about teaching the humanities and social 
sudies in engineering colleges broke out 
sometime in the 1920’s. I’m not sure why 
itall started just then, unless it was that 
during World War I, American industry 
made its influence felt on a grand scale 
for the first time. And American industry 
was built, in large part, by engineers. 
Apparently, someone decided right then 
and there that engineers might become 
rather important people in- our society 
one day and that they ought to try to pull 
themselves above the vocational category 
in which many people placed them—and 
with some justification as we all know. 

Engineers were painted by some as 
noisy louts with dirty fingernails who 
never had anything to talk about at fac- 
uty teas except nuts and bolts. It was 
said that they didn’t know how to express 
themselves, they had no knowledge of art 
or history, of literature or economics and 
couldn’t even conjugate a Latin verb. 
Someone decided that, if these men were 
to become important in the scheme of 
things, they would just have to acquire 
some “culture.” It never was explained 
just what was meant by “culture,” 
but before anyone knew it, the panic 
was on. 

After some sage head-waggings on the 
part of deans and presidents, engineering 
schools that didn’t already have them, 
started installing courses, even programs 
in the humanities. “Culture for Engi- 


*Presented at the Annual Dinner of the 
English and Humanistie-Social Divisions, 
ASEE, Penn State University, June 20, 1955. 


neers” became the by-word and before 
long the bright young man whose only 
ambition was to build a bridge or design 
a dynamo was trying to use his integral 
calculus to decipher the writing of some- 
one named Geoffrey Chaucer. 

‘Today, after the passage of some thirty 
or thirty-five years, you can attend fac- 
ulty teas—or literary cocktail parties— 
and still hear people talking about engi- 
neers. And what they are saying is: 
“Engineers can’t express themselves ade- 
quately, they don’t appreciate art, his- 
tory, literature or economics and they 
still ean’t conjugate Latin verbs.” 

Well—maybe these critics are right. 
But a new sound is being heard these days. 
When engineers get together—with their 
nails now carefully cleaned—they are 
starting to make many of the same com- 
ments about some of the graduates of our 
liberal arts colleges. They go one step 
further and point out that when it comes 
to clear, logical and independent thinking, 
too many of the liberal arts graduates are 
—to use the elegant phrasing of an Eng- 
lish literature major in a Madison Avenue 
advertising agency—“out in left field with 
prunes in their mouths.” 

Now, I think the social-humanistie pro- 
grams in most of our engineering colleges 
—inecluding my own—leave much to be 
desired. In some instances, I think this 
probably stems from the fact that too 
many engineering administrators were 
anxious—back in the twenties and thirties 
—to get on the “Culture for Engineers” 
bandwagon. And they did it without 
thinking through what they hoped to ac- 
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complish or whether what they were doing 
was going to accomplish it. In fact, ’'m 
not sure but what most of us are still a 
little fuzzy about objectives. 


Objectives 


No one ean quarrel with the objectives 
set out by the several committees of this 
society and others regarding the social- 
humanistie stem. But, I wonder whether 
those objectives aren’t too general and 
too broad in seope for us to even hope to 
realize. Certainly they are too general 
and unwieldy ever to admit of measuring 
results. Now I am fully aware that the 
values we hope to impart through the 
teaching of literature and history and 
philosophy and art and music are not 
measurable in the cold mathematical 
sense. But I do believe that we can 
arrange our courses of teaching in such 
a manner as to provide a continuing 
comparison of achievements with previ- 
ously stated goals. 

We set forth as the objectives of the 
humanities program such things as these: 
“to foster an understanding of the forces 
that have shaped modern society and to 
develop an appreciation of great achieve- 
ments in literature, philosophy and the 
arts so that students may become alert and 
informed men, able to recognize true 
values and place engineering in its proper 
relation to other human endeavors.” Now, 
I agree that that is a fine statement, care- 
fully shaped after solemn declarations of 
objectives by this society. In fact, it 
had better be a good statement—it comes 
from the current Stevens Catalog. 

But, as I said at the outset, I am con- 
fused. One reason is that as an adminis- 
trator who is supposed to keep an eye on 
the big, broad picture, I have no way of 
determining whether we are within several 
city blocks of the goals described in that 
statement. 

I am perplexed by such words as “un- 
derstanding’”—“to foster an understand- 
ing of the forces that have shaped modern 
society.” What kind of understanding— 
how deep, how broad, how extensive? 
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Just how much understanding of suc 
vaguely defined objectives can you hy. 
manly expect a student to absorb during 
twenty or twenty-five semester hours of 
study per week spread out over fow 
years? 

Again, what are “true values”? I cop. 
fess I don’t know. Of course, I’m a 
engineering school graduate myself and 
didn’t have time to delve too deeply into 
the conflicting interpretations of this 
term by the various philosophers and 
poets. But maturity and experience and 
observation should be worth something, 
and yet I’m sure I couldn’t give yous 
definition of “true values” that would 
satisfy more than ten per cent of the 
people in this room. Yes, you may say, 
“Of course, there’s no real, universal 
definition of ‘true values,’ but we all 
know what it means.” And I say to 
that, “That’s a pretty sad way for a 
engineer to talk.” 

What I’m driving at is this: The se. 
quence of mathematics and science and 
engineering courses each engineering ed. 
lege offers has a definite objective in mint, 
In very general terms it is to give a young 
man a certain amount of knowledge in the 
productive use of nature’s forces and ma- 
terials. This objective is predicated o 
what we believe are the requirements for 
a background upon which the graduate 
can build a broader or deeper knowledge 
of science and engineering as he pursue 
his activities in one or both of these areas 
When the young man has met the requite- 
ments of the courses within the sequene 
he has automatically achieved the technical 
objectives of his college course and he sat 
isfies, at least to a degree, his own desirt 
and those of the industry in which he wil 
be employed. Now, what I’d like to as 
is this: “Can’t we pursue this same method 
in the social-humanistic area? Can’t W 
sharpen up objectives, then shape a pr 
gram that will permit us to determine 
with some assurance, how close we coll 
to meeting those objectives?” 

I think such a move would be desirable 
if only because it might prevent us fron 
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greading ourselves too thin in an effort 
to cover the same ground the liberal arts 
wlleges, but in a third or a quarter of 
the time. 

It seems to me that part of our diffi- 
alty arises from the fact that, in the be- 
sinning, we attempted to boil down the 
non-scientifie content of the liberal arts 
ariculum into eapsulized form so it 
vould fit into such holes as were left 
in the engineering curriculum by cutting 
down the number of courses in subjects 
like machine and woodworking shop, 
forge, foundry and mechanical drawing. 
(Thus, we launched a two-pronged attack 
om the problem of the engineer’s dirty 
fingernails. ) 

Fresh Look 


But isn’t it time we took a fresh look at 


things to see whether we, who know engi- 


neering students, can’t come up with a 
new concept that will come closer to meet- 
ing their needs? Suppose we set aside 
the liberal arts tradition and attempt to 
create one of our own—a techno-human- 
istic tradition that recognizes and wel- 
comes the influence of science and technol- 
gy on our times and that attempts to 
lam from the best of man’s past and 
contemporary achievements how to make 
the wisest use of the new forces now at 
our command. And let’s attempt to do 
this in a manner consistent with the meth- 
ids by which we so successfully teach 
sence and engineering. 

What I am about to suggest may not 
sem new or bright or fresh to many of 
you—particularly to those of you who are 
teaching the humanities. Perhaps you 
have tried to work out similar plans and 
you may have very real reasons for know- 
ing why these proposals will not work. 
But I can tell you that as an administra- 
tor, I for one would be happier with some 
lew approach simply because it would 
tase my mind that we were doing some- 
thing I could describe in fairly concrete 
terms to a board of trustees or a prospec- 
tive benefactor. 

The first step in establishing a new 
tehno-humanistie stem would be to set 
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up very firm objectives that would get 
down to specifics. These would be molded 
out of the statements of broader objectives 
agreed to by such groups as this one. But 
each objective would be divided into 
smaller, definable elements, and courses 
would be shaped to meet the requirements 
indicated by each. I am not going to at- 
tempt a breakdown for you because each 
college should make its own. Instead, I 
would like to ask you to examine with me, 
the general objectives of the social-hu- 
manistic stem as set forth in the Report 
of the Committee on Engineering Eduea- 
tion After the War, issued in 1945. It 
is rather appropriate that we examine 
into this thoughtful report at this time, 
since the chairman of that committee was 
Mr. H. P. Hammond, then Dean of Engi- 
neering at our host college. 

A summary of the Hammond Commit- 
tee’s report appearing in the Society’s 
journal sets down five desirable objectives 
for the humanistic-social stem. Let’s look 
into one of those general objectives. Take 
the one that advocates “an appreciation of 
cultural interests lying outside the field of 
engineering.” Here again we are faced 
with a problem in semantics—the word 
“appreciation” by itself does not indicate 
degree or amount, and “cultural” is a term 
which, as I have noted, defies measure- 
ment. I am glad, however, that the 
statement seems to make the field of 
engineering itself either a form of culture 
or a force which affects culture. 


Individual Treatment 


But let’s assume that, like “true values,” 
we all know what “culture” means and 
that it is inherent in the study of subjects 
like literature, art, music, the theater. 
Now to begin with, I don’t believe that 
these subjects can be adequately covered 
in a catchall course that attempts to 
combine all four, along with, perhaps, a 
study of man’s social and cultural de- 
velopment over the ages. It seems to me 
that, to avoid superficiality, each of these 
subjects should be given individual treat- 
ment. I’m fully aware that we can’t 
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devote a full course to each. However, 
I do think that if we carefully select 
certain phases of each and treat those 
phases in some depth—within the time 
limitations of the total curriculum—we 
can approach something like “under- 
standing” and, perhaps, whet the appe- 
. tite for independent exploration of other 
phases. 

The selection of the phases or por- 
tions of each field to be studied is, of 
course, all-important. I think you will 
agree that the purpose of exposing a stu- 
dent, in any kind of college program, to 
greater or lesser amounts of English lit- 
erature, for example, is to help him to 
recognize certain values in good writing, 
and to make him want to continue to read 
and to enjoy worthwhile books. But in 
the selection of these books, I fear, we 
have pretty much followed the tradition- 
alists—an unbecoming situation for a 
group which prides itself that its grad- 
uates are becoming leaders of vast in- 
fluence. 

Looking at it quite objectively, are we 
prepared to assert that the study of the 
Norse sagas, of Pope, and Dryden and 
Dante and Milton is the best way of get- 
ting engineering students, or too many 
other kinds of students, interested in 
reading? Aren’t there other authors, with 
equally high literary standards, whose 
writings are much closer to the experience 
of the student and which he would read 
with greater enthusiasm and profit—and 
with longer-lasting effect? 

Since the engineer created and is also 
a product of the Industrial Revolution, 
wouldn’t it seem reasonable to have the 
engineering student concentrate on the 
literary products of that era? Instead of 
asking the student to get excited about 
the writers of the dim distant past, why 
not instead give him greater exposure to 
writers like Bernard Shaw and Sinclair 
Lewis and Scott Fitzgerald and Dreiser 
and Hemingway and Aldous Huxley? 
These are men with high literary standards 
who have written of an era in which the 
student is far more at home than he is 
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in Boswell’s age. Isn’t he likely to re. 
spond to them more readily—and isn’t he 
more likely to develop the habit of read. 
ing and perhaps, in pursuance thereof, one 
day look up some of the older authors! 
Isn’t this better than actually discourag. 
ing him from reading by asking him to 
grapple with respectable, but what he econ. 
siders rather dull writers? 

And why continue to make a fetish of 
reading Shakespeare? Since Shakespear 
wrote for the theater, why not encourage 
students to see his plays in the theater— 
or in the movies? If you do, you might 
even find an occasional student who wil 
read a play before seeing it on the stage 
or screen and one or two who might be 
encouraged to read another afterwards, 

Speaking of plays and playwrights, 
isn’t a student likely to take more inter. 
est in the theater if he is introduced to it 
by way of Shaw and Eugene O'Neill 
and Robert Sherwood and Sidney Hov. 
ard and Elmer Rice and Sidney Kings 
ley than by way of Aeschylus ani 
Euripides and Aristophanes? 

The same reasoning applies to the 
teaching of music. Now, I’m not a 
afficionado of jazz, but jazz and popular 
musi¢ in general are a lot closer to the 
average student than Bach or Mozart. 
It seems to me that a skilled teacher 
shouldn’t have too much difficulty in 
pointing out certain values in popula 
music that reflect those found in tk 
work of the masters. By listening to 
Beethoven and Haydn in illustration o 
these points, the student might give wil: 
ing attention to something he has befor 
arbitrarily dismissed as “long-hair.” 

The study of art ought to be a rel 
tively popular one in an engineering ed 
lege, I think. I know that I have seen: 
good deal of painting and sculpture don 
by engineering students, and some of i 
has been quite acceptable. Why, ther, 
don’t we encourage more students to gt 
their hands on an artist’s brush or a pie 
of modeling clay—many of them are gotl 
with their hands and would enjoy the op 
portunity. If they become sufficiently 
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interested, they probably would demand 
more knowledge about the whole field of 
art. This, to my mind, is far better edu- 
cational procedure than compelling stu- 
dents to drag themselves unwillingly 
through an art gallery, or to read a dry 
book about art. 


Component Parts 


Do I make clear what I have in mind? 
First, take the general objective and 
break it down into component parts. In 
this case, “cultural interests” can be di- 
vided into four major parts: literature, 
theater, art, music. You might not agree 
with my arbitrary sub-divisions, but 
whatever ones you select, I think you 
ought to concentrate on limited areas of 
each, And in selecting those areas, I 
think you will be wise to select those 
which are closest to the experience and 
interest of the students. I am satisfied 
that diligent searching will reveal them to 


-you. As for areas more remote from the 


student’s interests, I think some non-con- 
formist thinking will uncover routes that 
will lead the student enthusiastically to 
them and that proper exposure will assure 
his continuing, self-sustaining interest. 

But, above all, if you want to teach a 
subject—teach it. If it be the art of 
stamp collecting—give a course in stamp 
collecting. Don’t rely on the student him- 
self to get the hang of it by synthesizing 
the overflow from courses in paper-manu- 
facturing, engraving, adhesives, and an 
interpretation of the U. S. Postal Regula- 
tions, 

For another illustration, let us return 
tothe Hammond Report. <A second of its 
stated objectives is “acquaintanceship with 
the enduring ideas . . . to serve as guides 
to ethical and moral values.” Well, if we 
want to teach ethical and moral values, 
why don’t we simply give a course in 
tthies? Why not study the major reli- 
gious faiths and the moral precepts each 
advances—even trace their translation into 
the laws and customs that affect our daily 
lives? If a knowledge of ethics and 
morals is a desired objective, why leave 
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it to chance and hope that it will be 
realized as a by-product of other courses? 

If we approve of the report’s objective 
of encouraging “the development of an 
adequate concept of the duties of citizen- 
ship in a democratic society,” are we do- 
ing enough in a concrete way to attain 
that objective? Shouldn’t most of us be 
teaching more about the organization and 
functioning of our federal and state gov- 
ernments, more about the bureaus and 
agencies that affect the lives of the stu- 
dents who are part of that “democratic 
society”? And shouldn’t we be spelling 
out what the “duties of citizenship” are 
and how they may be performed? 

If we agree with the report that an- 
other objective of the humanities curric- 
ulum is to “understand and analyze the 
essentials of an economie, social or human- 
istic situation” and to “relate it to the life 
and work of the engineer,” are we doing 
enough to bring out the influence of tech- 
nology on our society so the student can 
trace the relationship? I don’t mean 
modern technology alone, but the influence 
of engineering ideas on the growth of 
cities, in satisfying the need for food and 
water, in seeking sufficient natural re- 
sources, in the development of methods of 
transportation and communication, and 
on the need for energy sources? 

When we start enumerating the items 
that are implicit in the broad objectives 
stated by the Hammond Report, it be- 
comes apparent that we are attempting 
to cover a lot of territory in a few semes- 
ter hours. So, unless we are content to 
settle for a thin veneer of non-technical 
learning, we are going to have to take the 
engineering approach of singling out the 
more important objectives and creating a 
workable mechanism for attaining them. 

Now, to reach even a limited number of 
objectives we shall have to insist on each 
student taking prescribed courses, rather 
than trusting to God and electives. In 
saying this, I realize I am going con- 
trary to the present trend of integration 
and of survey courses. But I think it 
essential if we are really serious about 
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attaining the objectives we set for our- philosophy of science. As we know, s¢i- 
selves. ence has scored its greatest triumphs by 

Functional Approach postulating entirely unprovable explana- 
tions, then using these theories to soar 
into rarefied regions of thought seldom in. F 
habited by philosopher or poet. If the 
end purpose of education is to excite and 
exercise the mind, then I submit that the 
average program in an engineering cl- 
lege does this a lot more effectively than 
most of the non-objective programs that 
I know about. 

So, because of the effectiveness of our For w 
technical programs, I think we need feel | train ma 
no hesitancy in trying to plan a disciplined attitude | 
approach even to the non-engineering sub- | “erlying 


jects—with objectives clearly staked out | ‘special; 
And, hov 


I realize, also, that this approach is a 
purely functional one and that it will be 
held in high scorn by the purist in the 
arts tradition, to whom functionalism is 
anathema. These are what I call the edu- 
cational non-objectivists. They offer a 
plethora of courses, seldom purposefully 
arranged to aid the student’s mature de- 
velopment. As a result, many a student 
wanders through the Groves of Academe, 
plucking an attractive bloom here and an- 
other there until he emerges, at the end 
of four years, with a beautiful bouquet 
and no one to bestow it upon. J 

Most purists are inclined to sneer at sci- 12 such a manner that we can gauge the sail 
ence anyway because, they say, it is con- degree of our success in meeting them, a alent 
cerned only with verifiable truths and But just let’s be sure that we describe oh I di 
there are so many more important values _ those goals in detail and that we have the Tradit: 
which cannot be measured. This betrays determination not to be deterred from 
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For What Types of Careers Should We 
Train Mathematicians?* 


By RICHARD S. BURINGTON t 
Bureau of Ordnance, Navy Department 


For what types of careers should we 
train mathematicians? What sort of an 
attitude should color the philosophy un- 
derlying the training of mathematicians, 
especially at the graduate school level? 
And, how should these principles relate to 
advanced work in the engineering and 
physical sciences? It is to these questions 
that I direct my attention today. 

Traditionally the bulk of the graduate 
school effort in training mathematicians 
has been made with the expectation that 


the successful graduates will seek college 


or university teaching positions; and, that 
some will carry on a collateral career in 
mathematical research. A number of ex- 
cellent centers for such training have ex- 
isted for some time in this country. Few 
such centers have emphasized applied 
mathematics, and little emphasis has been 
given to training mathematicians for serv- 
ice outside academic institutions. Within 
the last fifteeen years we have seen some 
growth in a few of our graduate schools 
in the fields of mechanics and applied 
mathematics. Today, in engineering edu- 
cation there appears to be a growing tend- 
eney to organize engineering graduate 
schools on a fairly large scale, as distinct 
from the older, more conservative forms 
of graduate school programs. 

It is time for mathematics teachers and 


* Retiring address of Chairman, Mathe- 
matics Division, 1953-54, presented at An- 
nual Meeting of ASEE, Penn State Univer- 
sity, June 22, 1955. 

t The views expressed herein are those of 
the author and are not necessarily those of 
the Navy Department. 
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graduate school authorities to recognize 
realistically the demand for men trained 
for a wider variety of careers in the math- 
ematical sciences than has been the tradi- 
tion in this country. Mathematics facul- 
ties must aecept an active responsibility 
in training mathematicians for careers in 
industry, as well as for careers in teach- 
ing and academic research. These facul- 
ties must realize that good research, de- 
velopment, and general mathematicians 
are needed in industry as well as in our 
institutions of higher learning. They 
must organize their efforts to train such 
men. 

In order to lay a somewhat broader 
background for my theme, I shall re- 
view briefly the aims of university re- 
search. Later I shall discuss, in a general 
way, some aspects of industrial activities 
that bear on the theme. 


Aims 

The aims of a university are (1) to help 
individuals to learn more, and (2) to help 
mankind to know more. The mechanism 
whereby the first goal is approached is 
through teaching. The mechanism to re- 
alize the second is known as research. 

University research ¢ has for its pur- 
pose the enlargement of man’s under- 
standing of the world, his fellow men, and 
himself. University research in science, 
and in engineering, must depend on un- 
derlying fundamental principles. 

The engineer in university research is 


t‘**The Goals of Research,’’ L. A. Du 
Bridge, THE JOURNAL OF ENGINEERING EpDu- 
CATION, Sept. 1954. 
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concerned with developing new materials, 
new practices, new methods of design; a 
more comprehensive understanding of fa- 
tigue, vibrations, thermodynamics, and so 


on. This is in contrast with the practic- - 


ing engineer who is more likely to be con- 
cerned with actual design, construction 
and operation of structures, power dis- 
tribution systems, and the like, making use 
of more conventional types of technology. 
The university research engineer is sort 
of intermediary to the pure scientist and 
the practicing engineer in industry. 

The university engineer may be in- 
volved in activities which the industrial 
engineer feels is the work of the scientist, 
but on the other hand this work may not 
be of particular interest to the scientist, 
who may be interested in other types of 
things. 

The university scientist engaged in re- 
search is usually engrossed in the fron- 
tier problems of his field. He is typically 
interested in his search for the under- 
standing of new phenomena as contrasted 
with the development problems of utiliz- 
ing his findings. Thus the research phys- 
icist in the university may be engrossed 
in the problems of sub-nuclear forces, or 
some highly involved studies in the propa- 
gation of sound through various materials, 
or the like, involving difficult or abstract 
experiments; whereas, such a physicist 
may not be interested in developing the 
fundamentals of the technology for these 
fields. There is much room for funda- 
mental engineering research in the univer- 
sity atmosphere. Similar situations exist 
in other fields. 

Physicists, chemists, and engineers, en- 
grossed as they are in their particular 
types of research, can all make much good 
use of advanced mathematical techniques. 
But—who is going to create and develop 
the as yet undiscovered mathematical 
principles which can be drawn upon when 
the need arises? Who is going to de- 
velop such principles into suitable well- 
knit mathematical structures which the 
scientist and the engineer can lean upon 
for a better understanding, exposition, 
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and prediction of the newer fields which 
he explores? This is the business of the 
competent research mathematician. It is 
a proper field for university research, 
This the research mathematician has been 
doing for many years. Such men have 
brought their talents to bear with great 
success in the many difficult problems of 
analysis, algebra, computation, and the 
like. 

And who is it that is going to have the 
background of knowledge of the mathe- 
matical sciences and their interplay with 
the sciences, upon whom engineers and 
scientists can draw for collaboration and 
help in the solution of their problems? 
It is the mathematician trained specifically 
for these fields of application. He may 
be a university research mathematician, 
but he may equally well be a mathemati- 
cian working in industry as a part of a 
team of research workers. The latter type 
of mathematician is not too common, and 
such as exist are not always well known 
outside the circle of their co-workers. He 
may not be the author of widely published 
research papers, but he may well be a 
real research man of major accomplish- 
ments in the fields of his activities. 

It is these types of mathematicians 
which our universities must train, not only 
those for a life of teaching and academic 
research, but also those for a life of in- 
dustrial research and development work 
in government and industry. Do our 
mathematics departments thoroughly ap- 
preciate these two distinct types of 
careers in mathematics? Especially the 
latter? Only a few of them do. Some- 
thing should be done about this on a 
much wider scale than is now the practice 
in a relatively few graduate schools. 


Steps Involved 


But the type of research that I have 
crudely sketched for the university engi- 
neers and physicists is not by any means 
currently the practice of all universities, 
nor is this type of activity confined solely 
to universities. In industry and govern- 
ment we find a considerable amount of all 


these ty 
domains 
istry, 
enginee! 
ete. 

It me 
some of 
realizati 
I have 
velopme 
pulsion 
municat 
ization 
may mo 
of effort 
system 
lowing | 
plied re 
of prot 
the rede 
duction, 
designes 
uation, 
quantit} 
the wea 
the real 
system 
istics ; 
marketi 
the resi 

At se 
the des 
evaluati 
necessal 
the sys 
vantage 
liability 
evaluati 
of peoy 
found 
sound ji 
ieal, ecc 
particul 
work, 

All s 
such p. 
stage 
other t] 
for nev 
Even lg 
ganized 


which 
of the 

It is 
search, 
us been 
n have 
great 
ems of 
nd the 


ave the 
mathe- 
y with 
rs and 
on and 
blems? 
ifically 
may 
itician, 
emati- 
t of a 
ar type 
mn, and 
known 
s. He 
blished 
| be a 
aplish- 


ticians 
only 
demic 
of in- 
work 
our 
ly ap- 
es of 
ly the 
Some- 
on a 
ractice 


[ have 
 engi- 
means 
rsities, 
solely 
overn- 
of all 


WHAT TYPES OF CAREERS FOR MATHEMATICIANS? 


these types of activities, especially in the 
domains for research in physics, chem- 
istry, and in the search for improved 
engineering methods, materials, design, 
ete. 

[t may well be appropriate to review 
some of the steps involved in the ultimate 
realization of a new product, or system. 
I have in mind such a thing as the de- 
velopment of a radically new type of pro- 
pulsion system, or a new type of com- 
munication system, or the like. The real- 
ization of such a new system or product 
may more than likely involve a multiplicity 
of efforts, any one of which (as well as the 
system as a whole) may involve the fol- 
lowing general steps: pure research, ap- 
plied research, development, construction 
of prototypes for study, testing, etc.; 
the redesign of prototypes for limited pro- 
duction, the limited production of the re- 
designed prototype with subsequent eval- 
uation, testing, ete.; the redesign for 
quantity production, aimed at removing 
the weaknesses disclosed to date, and at 
the realization of a readily reproducible 
system of uniform and reliable character- 
isties; the actual production; storage; 
marketing; and finally the maintenance of 
the resulting system in actual mass use. 

At several stages in the realization of 
the desired system, careful analysis and 
evaluation of the system are absolutely 
necessary to disclose the characteristics of 
the systems, its utility, weaknesses, ad- 
vantages, disadvantages, feasibility, re- 
liability, and the like. Such analyses and 
evaluations commonly require the services 
of people of many talents. It has been 
found that mature mathematicians of 
sound judgment widely versed in the phys- 
ical, economic, and statistical sciences are 
particularly well suited for this type of 
work. 

All sorts of talents are made use of in 
such programs. In the pure research 
stage there may be no specific motive 
other than inherent curiosity, the search 
for new knowledge and understanding. 
Even later this stage may involve an or- 
ganized program of search. It is in these 
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stages that the true university research 
methods of mathematics, physics, and 
chemistry should be expected to pre- 
dominate. Later when more of a specific 
phenomenon is known there comes a stage 
when the problems of utilizing the dis- 
coveries become of real interest. This 
stage introduces many real challenges and 
commonly carries over into a multitude 
of problems which fall naturally into the 
engineering research type of activity. 
The gap between the discovery of a new 
physical phenomenon and the actual util- 
ization of the discovery may be a long 
and difficult one. From this, one works 
into the formal development stage with 
all its trials and tribulations, tests, fail- 
ures, ete. Eventually a prototype is 
evolved which can be made to operate 
with some sort of reliability. From the 
experiences with such prototypes there is 
evolved a design suitable for mass pro- 
duction and with some hope of achieving 
a uniformly dependable production prod- 
uct. Not the least, of course, are the 
problems of marketing the system as 
produced and its subsequent successful 
operation and maintenance by people 
with little real knowledge of the system. 


Various Talents Required 


Each of these steps leading to a satis- 
factory system requires various types of 
talents. Experts in the physical sciences 
are apt to predominate in the research 
and applied research stages, while the re- 
search engineer is apt to play a dominant 
role in the applied research and develop- 
ment stages, the more practical type of 
engineer playing the more dominant role 
in the development, prototype, design and 
production stages. 

The research mathematician may be ex- 
pected to find his principal efforts in the 
pure, and to some extent, in the applied 
research stages. The applied mathemati- 
cian may in general find his services most 
needed beginning in the research stage, 
but perhaps with much effort being ex- 
pended in the applied research, design 
and development stages. His services 


re 
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may be used in the analysis and evalua- 
tion of the system at various stages in the 
process. 

A mathematician trained to participate 
in a program leading to improved sys- 
tems, such as referred to above, may be 
required to work in many fields, and at 
times his work may be far removed from 
the type of research which academic mathe- 
maticians in this country commonly think 
of as mathematical research. But never- 
theless the services of such a mathemati- 
cian in industry and government can be 
of great value. He can bring to bear a 
tremendous background of knowledge and 
techniques in the arts of calculation, 
and of analysis. The more he knows of 
numerical methods and the limitations and 
potentials of computing engines; the basic 
fields of applied mathematics (electrody- 
namics, electronics, elasticity, dynamics 
and statics, thermodynamies, heat conduc- 
tion, ete.) ; the principal fields of analysis 
(ordinary and partial differential and in- 
tegral equations, caleulus of variations, 
real and complex analysis, analysis in gen- 
eral); the great fields of geometry (dif- 
ferential geometry, tensor analysis, and 
related fields); the mathematical theory 
and practice of probability and statistics 
(including a basic knowledge of informa- 
tion theory) ; the structure of modern ab- 
stract algebra (including some number 
theory); and modern mathematical phys- 
ics (both classical and quantum); then 
more useful he is apt to be. Obviously, 
such a background requires not only a 
good mathematical education, but re- 
quires, in addition, considerable study of 
some of the more theoretical branches of 
engineering and physics, some of which 
can be acquired in the undergraduate 
school, some later. 

Such a background is in many respects 
a much more formidable one to acquire 
than one leading to a Ph.D. degree in 
some specific branch of mathematics. But 
it is such a background that a real applied 
mathematician should acquire somehow. 
Our universities must recognize such pro- 
fessions and provide for their training 


with the full realization that such talent 
will be normally expected to seek employ- 
ment in our great industries rather than 
follow a career of teaching and academic 
research. 

It is sometimes thought difficult to dis- 
tinguish between the training for such a 
mathematician, as I have described, and 
that for a physicist or research engineer, 
Actually the difference is fairly easy to 
delineate. The physicist, engineer and 
applied mathematician do have much in 
common so far as their training is con- 
cerned. 


Fundamental Distinction 


Perhaps the fundamental distinction be- 
tween the type of graduate mathematical 
training and the corresponding type of 
training in physies is in the development 
of an understanding and an appreciation 
for the structure of the analytical work— 
the mathematics; whereas the emphasis in 
physics (even theoretical physics) is on 
the physical development of the theories. 
In border fields either mode of approach 
alone is apt to leave one rather much in 
the dark as to the underlying structure of 
the reasoning used, unless specific atten- 
tion is made to develop the theme from 
both points of view. 

The training for the physicist is con- 
cerned primarily with the preparation for 
a life of search leading to a better under- 
standing of nuclear or sub-nuclear forces, 
to the development of new theories which 
fit all the facts, and permit accurate pre- 
dictions of experiments, theories which 
reveal a broad quantitative understanding 
of a field of physics. The training for 
the engineer (especially one trained for 
advanced work and research) is designed 
to prepare the student primarily for work 
which will result in the development and 
realization of new practices, new mate- 
rials, new methods of design, better under- 
standings of vibration, fatigue. Such 
training should fit one for work inter- 
mediate between the work of the pure sci- 
entist and the so-called: industrial engi- 
neer; (the training for the industrial en- 
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gineer is aimed principally at the de- 
velopment of fundamental knowledge nec- 
essary to carry out designs, perhaps based 
on more traditional technology). On the 
other hand the training for the mathe- 
matician is concerned primarily with the 
development and structures of the various 
essential disciplines of mathematics. Thus 
a deep understanding of the underlying 
structure of abstract algebra (including 
group theory, invariant theory) will serve 
as an unusually valuable background for 
the understanding of various branches of 
physies; a well rounded foundation in 
geometry will help grasp and interpret 
many applications to modern physics, 
which as often written appear as specific 
examples or applications, with the results 
that the basie logical structure involved 
may not be understood (often not even by 
the writer of the physics). For example, 
a good background of the algebra and 
differential geometry underlying the the- 
ory of tensors, spinors, and the represen- 
tation of groups, aids very materially in 
the understanding and knitting together 
of many current publications and efforts 
in the modern theories of the structure 
of physies. 

In planning curricula for mathematics 
of the type described it should be realized 
that techniques change so rapidly that 
it serves little purpose to spend too much 
time on specifie details of some specialized 
branch (e.g., quality control vs. a broad 
foundation in probability and statistics), 
rather the effort should be placed on the 
fundamental structure of the subject 
matter. 

The deeply trained mature mathemati- 
cian of judgment working in the fields of 
physical science, and of engineering, can 
often bring to bear a perspective, an over- 
all approach, a generalization or common 
architecture which can contribute much to 
the understanding, explanation, and the 
knitting together of a large class of phe- 
nomena. Such a contribution when it 
can be made is often of great significance. 
He by necessity must cross many fields 
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and hence must have a broad training in 
the foundations of a variety of topics. 


Trend in Engineering Education 


There is a trend in engineering educa- 
tion which we should review here in order 
to give a better perspective to my main 
theme. 

Engineering training in some of its 
more difficult and advanced phases has 
much in common with the training for a 
career in physics. So much must be 
learned for the various types of engineer- 
ing work that four or five years of col- 
lege is insufficient to give the broad scien- 
tific and fundamental knowledge needed. 
Six and seven years of schooling on the 
professional level is often necessary, and 
this type of training is not necessarily 
the same in spirit and practice as the tradi- 
tional seven years of undergraduate and 
graduate work leading to the Ph.D. 
degree. 

The mathematician has long known that 
he must spend seven or eight years of col- 
lege work in order to lay a broad back- 
ground for a teaching or research career 
in mathematics. Physicists and chemists 
have some to know this, too. The engi- 
neers are feeling this need in some quar- 
ters now. 

It is my contention that professional 
schools beyond the usual four years of 
college or university must recognize that 
there are two distinct approaches and per- 
haps goals in any training for the fifth to 
seventh years—the usual graduate school 
period. One approach may be termed 
that of the professional school—leading 
to some sort of advanced professional de- 
gree or certificate; the other, the more 
traditional graduate school approach— 
leading to the Ph.D. degree of compre- 
hensive standards. 

I claim that in most branches of engi- 
neering and physical science—and in 
mathematics—that this division of effort 
and emphasis is a healthy and desirable 
one. 

We should design the fifth to. seventh 
year mathematical offerings towards: 


| 
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(a) a professional career with appro- 
priate training and experience, leading to 
an appropriate degree or certificate. 


or 


(b) a traditional graduate school train- 
ing leading to the Ph.D. degree, with the 
principal emphasis upon training for re- 
search in a highly specialized atmosphere. 


For example, in mathematics, there are 
gifted students who are really not cut out 
for careers in pure research and teaching, 
but who are really gifted in a way which 
will make them admirably suited for 
careers in industry. I refer to careers 
where a highly technical training in the 
mathematical and physical sciences is 
necessary for the work, but where the spe- 
cial talents and interests of such individ- 
uals are such that they can contribute 
much more of benefit in industry than in 
pure research and teaching. Students 
competent to follow either of these types 
of advanced work are generally of supe- 
rior talents and potential abilities. 

A broad training in mathematics, engi- 
neering, and science will be of more value 
to many professional students than a 
more narrow training and specialization 
into some highly refined branch of mathe- 
matical research. Both types should be 
encouraged, but we should be very sure 
that in shepherding talent toward purely 
mathematical research we do not forget 
the other types of professional mathemati- 
cians. 

Our colleges in engineering and physics 
are already doing much along the lines I 
have been talking about under the broader 
category. We in mathematics should do 
more of this type of work too, in coopera- 
tion with other fields. Well-trained math- 
ematicians, with some background in the 
physical and engineering sciences, have 
much to offer. 

In other words, I am advocating 
strongly a “new look” at the philosophy 
of educating mathematicians in our math- 
ematics departments. 
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True, some institutions are doing strik- 
ing things along these lines, but I say too 
many are not—as yet. 


Conclusion 


To conclude, it appears beyond doubt 
that much more attention must be paid to 
the training of mathematicians for careers 
in industry than has been traditional 
in this country. 

A professional school of applied mathe- 
matics not necessarily directed toward 
pure mathematical research but directed 
toward a wide and broader field of train- 
ing, which will prepare the student for 
a very wide variety of useful professional 
service in almost any branch of engineer- 
ing, science, economics, ete., should be pro- 
vided. This training may or may not lead 
to the Ph.D. degree, but should lead to 
some form of higher professional degree 
or certificate. 

In carrying forward this program it is 
furthermore urged that a continuation of 
the traditional training for the Ph.D. de- 
gree in research and teaching of mathe- 
matics must be encouraged. This should 
be done in the atmosphere of the true 
graduate school in the broadest sense with 
emphasis toward research. 

It is the responsibility of mathematics 
departments to sponsor both types of 
training; and often the first type when 
only little of the second type can be done. 

And finally, may I emphasize the im- 
portance of crossing subject lines; make 
the professional course with the major 
in mathematics one overlapping into 
many fields. Research and development 
in the world is not “topology” alone, or 
“numerical methods,” or organic chem- 
istry, or philosophy. It is a blending of 
any and all known disciplines into a 
homogeneous system designed to end up 
in something of better use to all men. 

Train mathematicians for service and 
see that their sights are kept broad, with 
real breadth of vision. 
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Cracking the Creative Nut 


By DONALD PEARSON 
Associate Professor of Electrical Engineering, The Pennsylvania State University 


Industry today is clamoring for engi- 
neers who not only have the ability to 
solve related problems in various fields 
but especially those who are able to rec- 
ognize problems and do something about 
them. This need is destined to become 
even greater and greater. 

A close look at the senior or graduate 
student in our engineering colleges quickly 
reveals a weakness in his ability to use the 
physical principles, and mathematical 
laws relating such principles learned in 
his formalized courses. To solve a prob- 


_ lem based on methods covered in a text is 


one thing, but to apply the methods 
learned from several sources to new and 
outside problems, either of his own choos- 
ing or those presented to him, is an en- 
tirely different situation. 

Recognizing this as a problem requiring 
educational attention, I should like to re- 
late briefly how I approached it. At the 
outset, my interest and background is 
largely the result of participation with in- 
dustry as a staff member in several Crea- 
tive Engineering Seminars, and my ac- 
tivity as an electrical design engineer and 
teacher. 

In the spring semester, 1955, a course 
entitled Creative Methods was offered by 
the Electrical Engineering Department to 
senior and graduate students for a max- 
imum of three credits. The course was 
divided into a one hour recitation and a 
two to three hour laboratory each week. 

The one hour recitation period served 
to establish a background in “Applied 
Imagination” based on the text of the 
same name by A. F. Osborn. I found 
assimilation of the text rapid and discus- 
sions indicated that the students found 


it interesting from a psychological and 
philosophical viewpoint, and diversionary 
from the usual engineering course. Sup- 
plemental to the text, mimeographed class 
notes, outlines and other practices to- 
gether with a bibliography were distrib- 
uted at the appropriate time. Selected re- 
ports were assigned and discussed in class. 
Responsibility was placed on the student 
to report on current articles and maintain 
an up-to-date bibliography. Along with 
oral quizzing, these factors were taken 
into account in grading. It might also 
be added that other bases for grading 
were his participation in the group as a 
member and leader, the quantity and qual- 
ity of his creative effort as evidenced by 
his reports, and a final examination. 
The philosophy that he could be trained 
to use his own talent more productively 
by systematic practice of the principles 
and procedures set forth, led at once to 
these practices in the laboratory session. 
The goal of each man was at least one 
creation as evidenced by a report includ- 
ing drawings, sketches or models. There 
was no limit placed on the number of 
creations but it was suggested that these 
be restricted to his own field of endeavor. 
Creating has been defined as “ a combina- 
tion of things or attributes that is new or 
different to him or to those about him.” 
One of the striking points brought out 
in the first laboratory period was the 
great difficulty encountered by the seniors 
in finding or recognizing a problem. 
However, two graduates, employed full- 
time in a research organization, had little 
difficulty in this respect. Here was a 
problem facing the group: i.e., “what are 
the problems and where are they found?” 
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men. 
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In order to gain practice in group tech- 
niques, no restrictions were placed on the 
types of problems in this early stage of 
the course. A “brainstorm” session re- 
vealed a number of problems for group 
consideration such as “anti-upset device 
for farm tractors,” “automatic automobile 
decelerator,” “automatic safety brakes for 
holding ears or trucks on hills” and many 
others of this nature. Each member then 
selected, with the approval of the instruc- 
tor, a problem of his own choosing or one 
revealed in the “brainstorm” session. He 
was allowed as much group help as he 
could get to assist him in solving this prob- 
lein in a scheduled time limit. He was to 
demonstrate its effectiveness, by report. 

During the preliminary six-week pe- 
riod, a technical problem was assigned a 
week in advance of its approach by the 
group. Each member was asked to think 
about its solution during the week. As a 
thinking prop he was asked to keep a 
sheet of paper in his notebook in which to 
write any and all problems relating to 
electrical engineering as a result of this 
course or any other experience. During 
the ninth week he was asked to make a 
selection from the list just mentioned and 
report the title to me for a final project 
or in lieu of this I would make a problem 
assignment. 

It was not the purpose of this article to 
make a detailed evaluation of the results. 
However, briefly there have resulted sev- 
eral patent applications and disclosures 
and it might be of interest to mention at 
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least one of these. This was a “constant 
current direct coupled amplifier” capable 
of a 0-100 k.c. response using two tubes 
(one bottle) with a voltage gain of 1300, 


. This amplifier uses a single 250-volt sup. 


ply with no negative supply voltage and 
has a current drain of less than 15 ma, 


Conclusion 


The following comments concerning the 
value of the course have come from the 
students; 


1. He has acquired practice in apply- 
ing theory and gaining confidence in his 
ability to solve problems. 

2. He has acquired a technique for soly- 
ing problems which applies to individuals 
as well as groups. 

3. He has learned to cooperate with 
others and respect their points of view. 

4. He has learned to evaluate by ap- 
proximation before making decisions. 

5. Stimulation of his ideas has in turn 
stimulated others. 

6. The sense of accomplishment is an 
incentive to bigger and better things. 


As for the instructor, it might be said 
that; 


1. The course is a challenge to teaching 
and in equal measure an inspiration. 

2. The important thing about progress 
is change and an open mind is imperative. 

3. Flexibility is the keynote in tailoring 
the course to the needs of the group. 


Special Notice 


The Proceedings of the Eighth Annual Conference on the Administration 
of Research are available from the New York University Press, New York 


City. Pp. 108. Graphs, figures. 


Paper bound. $4.00. 


Included in 


the volume are talks on appraising and rewarding the researcher’s out- 
put (merit raises), management in the research laboratory, communication 
problems in a research laboratory, physical facilities for research, and 
basie research in an applied research laboratory. 
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The Role of the Colleges in Nuclear 
Engineering Education* 


By G. A. HAWKINS 


Dean of Engineering, Purdue University 


I. Introduction 


The sudden advent of atomic power in 
war and peace has created some confusion 
in the minds of many educators and in- 
dustrialists as to the immediate and future 
needs in the education of engineers for 
the new nuclear industry. In this presen- 
tation some views as to the requirements, 
and the responsibilities of the colleges and 
universities to fill inadequacies, will be 
offered for your consideration. 

A recent opinion poll taken by the 


~ASEE Atomic Energy Education Com- 


mittee indicates that engineering educa- 
tors are vitally interested in obtaining as 
much information as possible on the sub- 
ject. The committee prepared a question- 
naire stating that in order to formulate 
aprogram of maximum value, they would 
appreciate an indication of which of the 
following plans would be of greatest bene- 
fit to the institution : 


A. “Having an individual who is an 
authority in the field and who understands 
the problems of engineering education 
visit your institution to discuss atomic 
energy education with interested members 
of the faculty, and to suggest procedures 
that might be used.” 

B. “Having a team composed of author- 
ities visit your institution to discuss the 
problems with interested members of the 
faculty.” 

C. “Having a report prepared and 
distributed describing various procedures 


_ *Presented at the Annual Meeting of 


ASEE, Conference on Atomic Energy Edu- 
cation, Penn State University, June 22, 1955. 


that could be utilized in incorporating 
nuclear science into the engineering cur- 
ricula.” 

D. “Sending representatives of your 
faculty at your expense to regional con- 
ferences devoted to the subject.” 


Replies were received from 138 of the 
147 institutions contacted. The majority 
requested Plan C as the first choice, and 
Plan A as the second choice. Plans B 
and D lagged far behind C and A from 
an interest standpoint. 

In response to the need expressed by 
the educators, the Committee is now ac- 
tively engaged in compiling data for use 
in the preparation of a report based on 
Plan C. 

Information gathered thus far tends to 
indicate that the need for engineers in the 
nuclear industry may be grouped into 
three classes. 


1. The first is an immediate requirement 
for engineers to work in: 


a. AEC Contractors’ facilities. 

b. Colleges and universities to aid in 
planning suitable educational pro- 
grams. 

c. Those industries involved in the de- 
sign of nuclear power plants and re- 
lated equipment. 


Many of the engineers entering the field 
will need on-the-job training to aid them 
in developing the necessary background. 

2. The second is a requirement for the 
education of students who have the nec- 
essary background and are interested in 
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entering the field in functions such as de- 
sign, development, and research. 

3. The third is a future need to educate 
engineers for other functions such as 
maintenance, operations, sales,. etc. 
requirement will become more pressing as 
the industry expands. 


II. Educational Programs. 


The educational programs which may 
assist in relieving the present pressing 
need for engineers and for the future 
requirements may be classified in the fol- 
lowing manner: 


A. Undergraduate Engineering Educa- 
tion. 

An undergraduate educational program 
for the engineer based on the ideas advo- 
eated in the report of the ASEE Com- 
mittee on The Evaluation of Engineering 
Education appears to be well suited for 
students interested in entering the nuclear 
industry. By means of a strong core of 
the physical sciences and the engineering 
sciences together with sufficient flexibility 
in electives, the student may begin to pre- 
pare himself for future work in the area 
of nuclear energy. Many of the existing 
professional programs do not afford 
enough flexibility to enable the student to 
obtain the desirable physics background 
for work in the atomic energy fields. 

The need for an educational introduc- 
tion to the nuclear field may be filled by: 


a. Establishment of curricula in nuclear 
engineering. This plan has already 
been placed in operation at the North 
Carolina State College at Raleigh, 
North Carolina. 


The program contains more basic sci- 
ence and engineering science courses, and 
less material of a specialized nature than 
is now incorporated in many engineering 
curricula. 

b. Providing flexibility in existing pro- 

grams. 

A sufficient number of courses could be 
introduced in place of technical electives 
to give the student the necessary back- 


This . 
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ground for nuclear work, if greater flex. 
ibility could be provided in the currie. 
ulum. 

e. Introduction of nuclear material in 

existing required courses. 

Some introductory nuclear material 
could be introduced into existing required 
courses in the undergraduate engineering 
programs. This would allow all of the 
students to become acquainted with the 
subject. 

At the present time only students who 
have an aptitude for research, develop- 
ment, and design should be encouraged to 
take such a special curriculum or special- 
ized elective courses. Only after the in- 
dustry has grown and need arises for en- 
gineers in functions involving construe- 
tion, operations, sales, etc. should other 
students be advised to carry courses in 
specialized subject matter. The colleges 
and universities engaged in engineering 
education will have to provide the suitable 
academic atmosphere and instruction to 
enable students interested in atomic energy 
to enter the industry especially qualified 
for work in the field. 


.B. Graduate Engineering Education. 


The short and long term need for engi- 
neers having advanced training is def- 
nitely a responsibility of the colleges and 
universities. Opportunities should be af- 
forded graduate students to undertake 
academic programs and to do research in 
preparation for future work in the nuclear 
industry. Many institutions are already 
offering study plans in the nuclear engi- 
neering area. 

A number of educational institutions 
and the National Laboratories are co- 
operating to enable graduate students to 
work on their theses in the laboratories 
after having completed course work at 
their respective college or university. 


C. Adult Education. 


The universities and colleges may con- 
tribute significantly to the development of 
engineers who did not have the necessary 
courses to study as students, but who de 
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sire to enter the nuclear industry. These 
practicing engineers may be divided into 
the following groups for purposes of dis- 
assing possible programs: 


1, Practicing engineers employed in 
various industries who desire to en- 
ter the nuclear industry. 

2. Recent engineering school graduates 
interested in entering the nuclear 
field. 

3, International students. 


The U. S. Government has established a 
policy of encouraging international engi- 
neers to study nuclear subjects in this 
country. 

The colleges and universities and the 
governmental laboratories are handling 
the demands for the education of their 
groups at the present time, but in order 
to keep pace with the developments addi- 
tional opportunities must be made avail- 
able. Some of the methods now in use 
follow: 


Colleges and Universities. 


a. By offering both day and night reg- 
ular term courses in physics and nuclear 
science. 

b. By concentrated periods of instrue- 
tin at the institution for periods ranging 
from several weeks to full terms. 

¢«. By concentrated short courses of 
oly several weeks duration. 

d. By correspondence work. 


Governmental Laboratories. 


a. Special technical programs of vary- 
ing lengths. 

Laboratories such as the Argonne and 
(ak Ridge installations have established 
specialized programs of study of varying 
lngths of time. An example is the Oak 
Ridge Institute of Reactor Technology. 

The Argonne National Laboratory is 
tow offering a program of study for in- 
tmational students. 

b. Special courses and lectures for em- 
Ployees. 

Many of the national laboratories and 
AEC contractors offer special courses for 
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their employees and others in order to 
enable interested persons to expand their 
knowledge in this field. 


III. Research. 


If a graduate program is to be estab- 
lished, then research in the area is a vital 
necessity. Research activities in the field 
of atomic power may be carried out by a 
university in a number of ways, some of 
which are listed as follows: 


1. Basic research. 

The National Laboratories have en- 
couraged the colleges and universities to 
undertake basic research in the field. 
Many of the problems can be studied with- 
out a reactor. Support for this type of 
research may be obtained through funds 
from industry and governmental sources. 
Some universities are also contributing 
funds to encourage members of their staff 
to undertake research in the area of nu- 
clear engineering. 

There are also a number of worth-while 
problems, but less basic, which are of in- 
terest to individual staff members. This 
research can be carried out under similar 
arrangements. 

2. Cooperative research programs with 
National Laboratories where the student 
completes his research at one of the Lab- 
oratories after the formal course work has 
been finished at an educational institution. 


IV. Staff. 


In order to offer course work and to 
conduct research at an educational institu- 
tion, it is necessary to have members of 
the staff thoroughly familiar with the sub- 
ject. Since it will not be possible to re- 
cruit enough qualified persons from the 
nuclear industry for teaching purposes, 
it will be necessary to encourage present 
staff members to take an active part in the 
development of the program. Education 
of the staff in this area may be accom- 
plished in a number of ways, some of 
which follow: 


1. Leave of absence for work at a Na- 
tional Laboratory. 
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2. Leave of absence for work in an in- 
dustry closely allied with the nuclear 
power field. 

3. Leave of absence for study at institu- 
tions having established courses. . 

4. Cooperative consulting arrangements 
with National Laboratories and industries 
engaged in developments in the field. 

5. Attendance at short courses and con- 
ferences. 

6. Reduction of time devoted to normal 
academic work to provide time for con- 
centrated self-study of the subject. 

7. Conferences and seminars conducted 
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by qualified authorities in the field held 
on the institutions’ campuses. 

8. Appointment of qualified visiting 
professors for a period of one to two 
terms. 


V. Conclusions. 


From all indications the nuclear indus. 
try will expand at a very rapid rate. This 
will create a demand for engineers pro- 
fessionally qualified in the area. In order 
to fill this need, the colleges and univer. 
sities must assume their share of the re. 
sponsibility to provide engineers to work 
in the nuclear industry. 


College Notes 


Dean Edward R. Stapley of Oklahoma 
A. & M. College has retired and been 
named dean emeritus of A. & M.’s Okla- 
homa Institute of Technology and pro- 
fessor emeritus of civil engineering. 


Dr. Newman A. Hall has been named 
to head the Graduate Division of the 
New York University College of Engi- 
neering. Dr. Hall will serve as assistant 
dean and professor of mechanical engi- 
neering. He is also chairman of the 
Graduate Division of the ASEE. 


Frederick E. Terman, dean of the Stan. 
ford School of Engineering, has been ap- 
pointed provost of Stanford University, 
He will continue as dean of engineering, 
also. 


Chester A. Arents, coordinator of re 
search and professor of mechanical engi- 
neering at Illinois Institute of Technol- 
ogy, has been named dean of the college 
of engineering at West Virginia Univer 
sity to replace the retiring dean, Dr. 
Roland P. Davis. 
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Physics Is Not Engineering 


By R. J. SEEGER 
Assistant Director, National Science Foundation 


When I began teaching general physics 
[was assigned responsibility for the part 
melectricity and magnetism. In attempt- 
ing to correlate the lecture and recitation 
material with the laboratory manual I 
fond myself beginning the course with 
familiar electrie currents (instead of elec- 
trostaties) and then utilizing a phenom- 
nological concept like conductance for 
parallel connections (instead of resist- 
mee). One day I was telling a colleague, 
aprofessor of electrical engineering, about 
uy teaching problem and my unorthodox 
slution. To my surprise I Jearned that 
[had been using the customary approach 
of electrical engineering. Of course, I 
suppose that I should have suspected it 
inasmuch as the laboratory text had been 
witten by a professor of physics with an 
dectrical engineering background. I was 
listurbed. Was I really teaching physics 
or electrical engineering? This was my 
frst introduction to the no man’s land be- 
tween physics and engineering. As I now 
lok over that same territory, however, re- 
gardless of similar pedagogical techniques, 
[am convinced that “physics is not engi- 
neering.” 

The engineer is certainly concerned pri- 
marily with creative design. He makes 
we of known information, such as the 
wailability of materials, their cost, and 
slety requirements. Unfortunately, ow- 
ing to insufficiency of data or time he is 
often compelled to make a decision despite 
wany facts still being unknown. The 


physicist, on the other hand, is engaged 
primarily in ereative research. He at- 
"Invited address at the Winter General 


\eeting of the American Institute of Elee- 
‘teal Engineers in New York, 1955. 
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tempts to understand phenomena and to 
determine their underlying principles. 
He, too, starts with certain known ob- 
servations and familiar concepts and then 
imagines a broader picture to include also 
the unknown. His problem, therefore, is 
essentially a theoretical one; it lacks the 
critical urgency of practicality. The phys- 
icist is not time bound. In this important 
sense physics is not engineering. 

Most of us I believe would have sub- 
scribed to this distinction between the 
physicist and the engineer a decade ago. 
The outline, however, has recently become 
somewhat hazy owing to the innovation of 
the term “engineering science.” One may 
emphasize the adjective engineering, in 
which case engineering science is essen- 
tially a body of scientific knowledge use- 
ful for solving practical problems. On 
the other hand, one may stress the noun 
science so that engineering science may 
be regarded as genuinely basic science in- 
volving phenomena relating to engineer- 
ing problems. In this sense, of course, 
physies itself might well be designated an 
engineering science. The historical evolu- 
tion of much of engineering from physies 
justifies this point of view. In this con- 
nection I am reminded of Professor E. 
Weber’s definition of engineering science 
as those parts of chemistry, mathematics 
and physics that are no longer of primary 
interest to chemists, mathematicians, and 
physicists. My only criticism of this defi- 
nition is that it presupposes less interest 
nowadays in certain phenomena by phys- 
icists. The fact is, however, that there are 
more physicists interested in these very 
phenomena today than ever before. At 
the same time, it is true, there are many 
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more physicists altogether so that the 
absolute increase is concealed in the rela- 
tive decrease. Thus we find today that 
the physicists have a genuine research in- 
terest in physical mechanics, correspond-. 
ing to that of engineers in engineering 
mechanics, in physical thermodynamics 
corresponding to engineering thermody- 
namics (from the viewpoint of the chem- 
ical engineer and of the mechanical engi- 
neer), in physical electrodynamics corre- 
sponding to engineering electromagnetism, 
in physical electronics corresponding to 
engineering electronics. As a matter of 
fact these different viewpoints of the same 
subject might result in a false dichotomy. 
The viewpoints are certainly distinctive, 
but the object is common. From this 
standpoint I view with some concern the 
present attempt to draw a sharp line 
between so-called engineering sciences and 
basic sciences. Whereas I realize that the 
physics viewpoint is not the engineering 
viewpoint, I am confused over the concept 
of the engineering scientist. Is he a sci- 
entist or an engineer? Or is this merely 
a way of calling attention to the increas- 
ing scientific basis for engineering? Per- 
haps we can dismiss this semantic diffi- 
culty with Juliet’s reminder: 


‘¢What’s in a name? that which we call a rose 
By any other name would smell as sweet.’’ 


Let us turn now to the problem for dis- 
cussion today, namely, the teaching of 
electricity and magnetism in general phys- 
ics. The guiding light, I believe, is a 
presentation of interrelated principles and 
concepts from a truly modern viewpoint. 
For example, the children of yesterday 
played with pith balls and magnets, but 
the children of today, like my son, John 
Mark, age six, play with toy transform- 
ers. Hence I suggest that we must begin 
our instruction not historically but rather 
systematically from today’s vantage point. 
In order to understand electricity, how- 
ever, we need to look first at mechanics. 


PHYSICS IS NOT ENGINEERING 


Evolutionary in its Development 


Popular opinion notwithstanding, phys. 
ies is essentially evolutionary in its de 
velopment, not revolutionary. Science, 
moreover, cannot be divided into separate 
and unrelated sections. Thus all physics 
is rooted in mechanics with its great con- 
servation laws of momentum and energy 
or mass. True, these generalizations de. 
veloped out of Newton’s laws of motion 
and were later extended to phenomena of 
thermodynamics and electrodynamics with 
the resultant widespread philosophy of 
mechanism. If we are to view electro. 
dynamics today, we must do so from the 
background of mechanics. In this eon. 
nection, however, it is not so important 
that we see superficial similarities between 
Newton’s law of gravitation force ani 
Coulomb’s laws of electric force and of 
magnetic force. Rather we should reali 
at the start that we are dealing in electro- 
dynamics within an entirely different type 
of force from the central force encount- 
ered in mechanics, namely, the type of 
force experienced by a small magnet near 
a moving electrically charged body, 1 
foree that acts not along the line from the 
magnet to the body but at right angles to 
it. Moreover, the very intensity of th 
force depends not just upon a scalar quar- 
tity like the distance apart, but upon 
vector quantity like the velocity of the 
body. In order truly to appreciate thes 
differences, however, it will be necessary 
to understand thoroughly the comma 
mechanics background of physics. 

Electrodynamics, we soon realize, has 
its theoretical description based largely 
on the concept of a field of force, whic 
certainly ranks as the most important con- 
cept introduced in physics since the adven! 
of Newtonian mechanics and as the «ll: 
mination of the classical method. Fo 
example, if we look at a bar magnet, we 
see a rectangular piece of iron carryil 
no electric current. At the same time, i! 
we look at a copper helix carrying an elet 
tric current we observe a solenoid. On te 
surface these two objects appear to have 
nothing in common. Yet the phenometi 
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are indistinguishable in their external 
dectromagnetic effects of attraction and 
repulsion. The field which describes these 
phenomena takes on a greater physical 
reality than the sources of the phenomena 
themselves. Therefore, if we wish to un- 
derstand the phenomena, we should begin 
with the field as a model, not with electric 
charges, not with magnetic poles, not even 
with elementary particles. Strangely 
enough, to understand the properties of 
sich materials we must study the field in 
the empty space between them. 

Michael Faraday is remembered for his 
persistent investigation of electric and 
magnetic phenomena. The mathematical 
description of them is due to Clerk Max- 
well. The Maxwell equations for a vacuum 
describe the history of the field, as New- 
ton’s equations give the history of par- 
tides. They form a pattern for a new 
type of physical law which holds through- 
out all space and not merely at those 


points where matter is present as in me- 


chanics. Thus we naturally begin with the 
simplest of fields, the electrostatic field 
about an electrically charged body, and 
then we consider the static electric field 
ina conductor carrying a steady electric 
current. Such a conductor, of course, has 
also a magnetic field, which is the next 
topic to be studied. We are reminded his- 
torically that it was H. C. Oersted who 
first noted the magnetic effect of an elec- 
trie current, that it was A. M. Ampére 
who then conceived of elementary electric 
currents accounting for macroscopic mag- 
netic effects, and finally, that it was H. A. 
Rowland who showed experimentally that 
aconvected electric charge does, indeed, 
produce a magnetic effect. From the 
study of steady fields one investigates next 
changing electromagnetic fields, which 
produce displacement currents with their 
associated electromagnetic waves. Here 
ve find ourselves considering radiation, 
both the long-range coherent waves in 
wires and the short incoherent waves of 
dipole radiation. Certainly at this point 
modern students must be made to realize 
the significance of the constancy of the 
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velocity of light in a vacuum, which fixes 
a limit on the effects of radiation and 
necessitates a relativistic point of view in 
order to establish the invariant proper- 
ties of these phenomena. 

Having discussed Maxwell’s equations 
for free space, we consider next the elec- 
tric and magnetic behavior of material 
bodies, namely, electrical conduction, first 
in a vacuum and then in metals, dielectrics 
with polarization, electrical origin of mag- 
netie properties, including poles in mag- 
netic materials resulting from electric cur- 
rents, and finally, electromagnetic waves 
in material media, with their properties of 
reflection, refraction, dispersion, scatter- 
ing, interference, diffraction, and heat ra- 
diation. In this way we view optics as a 
branch of electromagnetism. Naturally 
we are concerned primarily with physical 
optics and regard geometrical optics es- 
sentially as a physical approximation valid 
only under certain geometrical conditions. 
In considering optics, however, we must 
consider the momentum of electromagnetic 
radiation. Here we are confronted with 
another limitation of theoretical investiga- 
tions, namely, the impossibility of meas- 
uring with unlimited precision simulta- 
neously the momentum and the position of 
a particle. Another fundamental constant 
of nature, namely, Planck’s constant, tan- 
talizes us here with its universality. 

In this view of general physics, me- 
chanics with its particle concept naturally 
represents the first phase. Electromag- 
netism, with its all important field con- 
cept, is the second phase. Modern phys- 
ies as a third phase, strictly speaking, be- 
gins with the theoretical significance of 
the limitations of measurements due to the 
universal character of the velocity of light 
and of the quantum of action. It may be 
recalled that Lord Kelvin at the close of 
the 19th century referred to these two ex- 
perimental facts as the only clouds upon 
the broad horizon of classical physics, 
clouds that became respectively the rela- 
tivity theory and the quantum theory of 
the 20th century. 
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What is Physics? 


So much for the content and sequence 
of a beginning physics course in electricity 


and magnetism, which I regard as being 


necessarily the same for any scientific in- 
troduction, whether for an engineer or 
for a scientist or even for a humanist. A 
different spirit of inquiry, however, may 
be used in each approach. This neces- 
sarily involves the question, “what is 
physics?” 

We all agree that physics is a basic sci- 
ence. But what is a science? Do we 
mean the same thing when we say domes- 
tie science? political science? divine sci- 
ence? Christian Science? We might take 
the etymological notion that science is 
knowledge, with the reservation that we 
mean here systematized knowledge in the 
sense of German wissenschaften, which 
covers all knowledge. On this basis in 
medieval times science included both secu- 
lar philosophy and revealed knowledge. 
According to the modern positivistic view- 
point, however, science is thus identified 
with philosophy. “The question is,” said 
Alice, “whether you can make words mean 
so many different things.” 

What is science? May I suggest as a 
starting point that we regard science as 
the cumulative result of the use of the sci- 
entific method. In this connection I am 
quite aware of Dr. Conant’s objection in 
Science and Common Sense: “There is no 
such thing as the scientific method.” I 
submit, however, that his conclusion fol- 
lows from his own restrictive definition. 
It is a matter of taste whether one be- 
lieves that there are essentially different 
methods, or one general method with dif- 
ferent degrees of success dependent on 
materials investigated, that is, physical, 
biological, social. To me the scientific 
method involves essentially questioning, 
with the ever present possibility that 
stupid questions can result only in stupid 
answers. One begins, however, by asking 
questions of nature. The answers are the 
observed facts. One looks for related fac- 
tors among them and then tries to synthe- 
size all with a factitious theory. From 
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this vantage point one asks new questions 
and so the cycle repeats without end, 
One always begins with phenomena and 
then subjects theoretical conclusions to 
two criteria: (1) comparison with the phe. 
nomena themselves, and (2) review under 
the testing light of common expert opin- 
ion. It is important to realize that science 
is neither essentially empirical nor solely 
rational. It is not simply deductive or 
simply inductive, but rather an interplay- 
ing combination of these two procedures, 
The theory resulting from the use of the 
scientific method is meritorious in so far 
as it describes what is known and predicts 
what is unknown. 

In all this we note the major role of 
the scientist himself. In view of the faet 
that the scientific method is really noth- 
ing more than what is used by the s¢- 
entist, we find the scientist continually 
selecting—first, facts, then factors, and 
finally theory itself. Throughout the en 
tire investigation he is using creative in- 
agination. What is most important is not 
his sight but his insight, not so much the 
things he sees as what he sees in things, 
Thus the laboratory is like an art studio, 
like a kindergarten. In short, physics is 
fun. Whatever other by-products of the 
teaching of physics may exist, unless the 
student is enjoying the course, it is a fail- 
ure. This one criterion I would propos 
as a measure par excellence of the effec 
tiveness of physics teaching: is it fun? 

In this connection I believe it is impor- 
tant that we get historical perspective by 
seeing how other persons discovered na- 
ture’s secrets in the past, and that we get 
philosophical breadth by appreciating the 
limitations of our own theoretical views 
Above all, the student should be show 
the vista of relations among apparently 
unrelated phenomena such as a magnetit 
stone found in Asia Minor, an amber peb 
ble picked up in the Baltic Sea, and a frog 
being used for biological demonstration 
in Italy. The student should be warned 
at all times of the danger of greater re 
spect for the expressed word than for tht 
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mexpressed thing, for which it stands 
symbolically. The thing is all important! 

The student should even be encouraged 
to challenge the accepted order of things, 
so-called common sense. It will be re- 
called that in investigating the conduction 
of electricity in solids the 18th century 
was faced with a dilemma between two 
theories, the one-fluid theory and the two- 
fluid theory. On the other hand, in in- 
yestigating the conduction of electricity in 
liquids, the 19th century faced another 
dilemma as to whether electricity is in- 
herently continuous or atomistic. No one 
bothered, therefore, with the conduction 
of electricity in gases, which was regarded 
as just another instance of conduction. 
Hence Crooke’s tubes at the close of the 


College 


The nuclear option of the Department 
of Chemical Engineering of the Poly- 
technic Institute of Brooklyn had its for- 
mal introduction when 12 senior under- 
graduates started taking the new courses 
during the 1955-56 academic year. These 
12 students have already taken the nec- 
essary basic courses in nuclear and chem- 
ical physies last year in preparation for 
the option. Although a minor specializa- 
tion in the chemical engineering curric- 
uum, the nuclear option will give chem- 
ieal engineers a strong foundation in 
both the theory and technology of the 
processes involved in the production of 
power through nuclear energy. 

In addition to the undergraduate pro- 
gram, Polytechniec’s graduate school for 
the first time is offering courses in the 
field this fall. These basic courses are 
open to part-time students without previ- 
ous experience or prerequisites in the nu- 
clear field except an academic back- 
ground in chemical engineering. 


A teaching professorship in chemical 
engineering, believed to be the first in- 
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century were only playthings of science. 
Yet it was in the investigation of the con- 
duction of electricity through gases that 
we found the answers both to the dilemma 
of the 18th century and to that of the 
19th century, namely, the discovery of the 
electron. 


Summary 


In summary, even though engineering 
must be taught as an application of prin- 
ciples to practical problems, and even 
though science can be taught as a body 
of principles themselves, I believe science 
should be taught necessarily as a curious 
scientist’s probing method to understand 
natural phenomena. In this respect, cer- 
tainly, physics is not engineering. 


Notes 


dustrially-sponsored university chair spe- 
cifically limited to undergraduate instruc- 
tion, will be established at Cornell Uni- 
versity with funds given by Socony Mo- 
bil Oil Company, Ine. 

A nationally recognized chemical engi- 
neer, between the ages of 35 and 45 and 
with strong industrial experience, will 
be sought to fill the chair, which will be 
created in Cornell’s School of Chemical 
and Metallurgical Engineering. In ac- 
cordance with the agreement between 
the university and Socony Mobil, the 
professor will be encouraged to consult 
with industries served by chemical engi- 
neers. This is intended to help keep 
his teaching in close relationship to in- 
dustrial problems and trends. 

The agreement provides that Cornell 
has “complete freedom to select the pro- 
fessor and determine the manner in which 
teaching shall be conducted.” Socony 
Mobil will give $60,000 to underwrite the 
professorship for an initial five-year pe- 
riod. In addition to the professor’s sal- 
ary, the fund will cover travel and other 
expenses related to the chair. 


Ways to Increase Prestige and Improve Status 
of the Good Teacher * 


By LEE H. JOHNSON 
Dean, College of Engineering, Tulane University 
(For the subcommittee of the Committee on Recognition and Incentives for Good Teaching) 


This discussion springs from the work 
of a subcommittee of the Committee on 
Recognition and Incentives for Good 
Teaching. Its membership has consisted 
of Professor R. P. Hoelscher, University 
of Illinois, Professor Clyde R. Nichols, 
Purdue University, and Lee H. Johnson, 
Tulane University. All members of the 
Committee have contributed to the ideas 
which are expressed here. 

The subject for discussion is rather 
difficult because it is hard, if not impos- 
sible, to find a definition of a good teacher 
to which all would subscribe. Different 
definitions lead to different approaches to 
the subject. Consequently it will be as- 
sumed for the moment that everyone will 
agree that good teaching is recognizable 
and the discussion will begin with ways to 
inerease prestige and improve the status 
of teaching. 

There is an old saying that “all roads 
lead to Rome.” An over-simplification of 
the answer to our question might be para- 
phrased to say that “all ways of increas- 
ing prestige and improving status lead to 
recognition and reward.” Recognition 
and reward are not necessarily two dis- 
tinct things in themselves for although 
recognition of one sort may lead to reward 
in terms of promotion and increased in- 
come, recognition of another sort may in 
itself constitute a reward. Accordingly 
no attempt will be made to separate these 
in our discussion. 


* Panel discussion at Annual Meeting of 
ASEE, Educational Methods Division, Penn 
State University, June 20, 1955. 


Let us re-phrase the subject for discus- 
sion as “ways to obtain recognition and 
reward for good teaching.” Certainly 
nothing shall be forthcoming if nothing 
is known of the work of a good teacher, 
so the question resolves itself into chan- 
nels of communication. This matter of 
communication is of primary importance. 
As Mr. Richard W. Schmelzer, Chairman 
of the Committee on Recognition and In- 
centives for Good Teaching, recently 
wrote, “The crux of the problem is this: 
how can we assign a quantitative value 
to good teaching?” How can we bring 
to light tangible evidence of superior 
instruction? 

There is definite belief that recognition 
and reward for research are greater than 
for teaching. If this is true, perhaps it 
is because the results of research are more 
immediately seen in the form of reports 
and publications and because research can 
be lucrative to an institution. These are 
rather tangible things which are easily 
communicated. The subcommittee has 
approached the matter of communications 
by classifying the various ways of com- 
municating the work of a good teacher 
and outlines them as follows: 


Institutional: 


Reports of developments and achieve- 
ments each year to the Department 
Head and the Dean. 

Reports by the Dean to the President 
and the governing board. 

Letters and other expressions from 
former students. 
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Departmental and school conferences on 
the objectives and methods of teach- 
ing which will bring out good work 
already being done. 

Appointment to a committee or a group 
to work with beginning instructors. 


Professional Recognition: 


Papers on educational methods at 
ASEE meetings. 

Papers on educational methods at local 
engineering society meetings. 

Local and national awards by profes- 
sional groups, medals, certificates, 
prizes and such. 

Text books and other publications. 


Industrial Recognition: 


Industrial consulting on educational or 
training problems. Perhaps this is a 
new field which has not been explored 
for the talents of the good teacher. 


Public Recognition: 


Television and radio programs on such 
subjects as the art of teaching, engi- 
neering as a creative profession, vig- 
nettes of college teaching and such. 

Newspaper and magazine announce- 
ments of achievements and awards. 

Local and national civic or industrial 
awards. 


The foregoing list is not intended to be 
a complete statement of ways to bring 
recognition and reward. However, it does 
imply that something is being done which 
is worthy of recognition andreward. Just 
how much is being done? We have all 
heard many times that “It’s hard to keep 
a good man down.” If there are many, 
many outstanding teachers, creative in 
their thinking and stimulating and inspir- 
ing to their students, it is hard to believe 
that this forceful group would long re- 
main submerged. Perhaps many of those 
who would have become great teachers 
have had their energy and thought di- 
verted to research or administration. Per- 
haps, also, not enough attention has been 
focussed on the opportunities for research 
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in teaching which would lead to achieve- 
ments not easily overlooked by colleagues 
in research and administration. Certainly 
patterns in teaching seem to follow a 
rather restricted path and strongly resist 
change. It is understandable that mate- 
rials of engineering and the physical and 
chemical forces of nature are easier to 
work with than habits and attitudes of 
human beings. 

This suggests that one of the funda- 
mental problems in increasing the pres- 
tige and improving the status of teaching 
is to make the profession acutely aware 
of the tremendous area in teaching which 
remains unexplored, to make it aware of 
the great opportunity for research and 
creative thinking within the classroom 
itself. 


Examples 


A few specific examples may serve to 
illustrate this idea sufficiently. Genera- 
tion after generation of engineering stu- 
dents has been taught mechanics in the 
sequence of statics, dynamics, strength of 
materials, and hydraulics or fluid mechan- 
ics. Is this sacred, or would statics and 
strength of materials taught in sequence 
followed by dynamics and fluid mechanics 
as a second sequence be a better arrange- 
ment? 

It has been said that courses such as 
statics or dynamics are set. The implica- 
tion is that nothing can be done to change 
the way those courses are taught because 
the subject matter is rigid and unchang- 
ing. There is no argument possible about 
the correctness of the principles of static 
equilibrium or of Newton’s Laws of mo- 
tion in these courses. And so the entire 
emphasis is on a type of problem in which 
the conditions are completely specified 
and which has a unique answer. How 
many instructors in mechanics ever give 
problems in which each student would get 
a different answer? For example, one 
problem might be, “Time yourself in run- 
ning from the ground floor to the third 
floor of a building and compute your 
horsepower.” This involves techniques of 
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measurement and some choice on the part 
of students as well as the application of 
elementary principles of dynamics. Argu- 
ments between students who choose dif- 
ferent methods of measurement or differ- 


ent conditions for obtaining data may 


well bring out other aspects of dynamics 
as well as of measurement. 

Again, another problem might be, 
“Make a close estimate of the forces which 
keep the trunk lid of an automobile open. 
Outline carefully your approach to the 
problem and the methods used. Accom- 
pany your solution with a neat, dimen- 
sioned, free-hand sketch.” This problem 
introduces a number of factors which must 
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be considered by the professional engineer 
in practice while it requires the applica- 
tion of the principles for static equilib. 
rium. Different methods of measurement 
will be used and different methods of 
supporting the trunk lid will be presented, 
Elements of report writing are inherent 
in drawing up the problem for submission 
to the instructor. 

These are but two of thousands of ex- 
amples to indicate opportunities for re- 
search in teaching. Perhaps the best way 
to inerease the prestige and improve the 
status of teaching lies in a renewed attack 
upon time-worn ideas and hackneyed 
methods in teaching. 


Special Notice 


The National Science Teachers Association, 1201 Sixteenth St., N.W., 
Washington 6, D. C. announces the publication of the following booklets: 


Careers in Science Teaching. (1955-56 Revision). 22 p. 8144 X11. 


Illustrated. Free in limited quantities. 


On the way, on the job, and 


opportunities open to general science, biology, chemistry, physics, and 


mathematies teachers. 


* 


* 


Encouraging Future Scientists: Materials and Services Available in 
1955-56. 24 p. 6X9. 50¢ for single copy; two or more to same 


address, 25¢ each. 


% 


* 


Selected Science Teaching Ideas, II. 48 p. 8144 X11. Illustrated. $1.00 
per copy; discounts in quantity. 1955. New methods, devices, equip- 
ment, and after-school activities that have proved to be successful. 


% 


Science Teaching Ideas, Abstracts of. 24 p. 6X9. $1.00 per copy; 
discounts in quantity. 1955. Titles and brief descriptions of all entries 
in the 1953 and 1954 programs of Recognition Awards for Science 
Teachers. 
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The Prediction of Engineering Potentiality in 
High School Students* 


By A. PEMBERTON JOHNSON 


Testing and Guidance Division, Newark College of Engineering ; Formerly Project Director, 
Educational Testing Service 


The effectiveness, the cost, and the lim- 
itations of the prediction of engineering 
potentiality among high school students 
are of vital importance to our nation to- 
day. Apparently there is growing accept- 
ance among parents, among high school 
students, and among secondary school 
teachers and administrators that there is 
a shortage of engineers. The heavy re- 
cruiting activity among engineering col- 
lege seniors and juniors. together with 
the high salaries being paid to them 
has become known in home and school. 
As you know, the aircraft industry has 
recently sought draft deferment for engi- 
neers. There has been concern recently 
that the Russians have outstripped us in 
nilitary aeronautics. The Hoover Com- 
mission has recently recommended more 
spending for research and development to 
improve our scientific, engineering and 
production capabilities. In the March 1, 
1954 Newsweek, Dr. Vannevar Bush, Head 
of the Carnegie Institution in Washing- 
ton, D. C., was quoted as saying, “There 
seems to be no doubt that they, the Rus- 
sians, are training more scientists than we 
are. They sereen the country for talented 
kids more than we do. We are enamoured 
of the idea of mass education. Curiously, 
the Russians, despite Communism, extend 
special privilege to gifted youth, if we 
can believe anything we hear about them. 
We, on the other hand, still let too many 
gifted youths slip through our hands.” 


*Presented at the Annual Meeting of 
ASEE, Aeronautical Division, Penn State 
University, June 22, 1955. 


Recently Dr. M. L. Trytten of the Na- 
tional Research Council, Dr. Howard A. 
Meyerhoff of the Scientific Manpower 
Commission, and Mr. William T. Cava- 
naugh, Executive Secretary of the Engi- 
neering Manpower Commission, have 
pointed out the serious shortage of sec- 
ondary school teachers who have the 
background to give sound and inspiring 
courses in science and mathematics. To 
improve the teaching of science and 
mathematics in secondary schools the Car- 
negie Corporation of New York has re- 
cently made a grant of $300,000 (an- 
nounced early in June) to the American 
Association for the Advancement of Sci- 
ence. I am extremely hopeful that this 
grant will make possible a marked long- 
term improvement in the present situation. 

In past days when we needed fewer sci- 
entists and engineers, the high school sci- 
ence and mathematics teachers often could 
make very satisfactory predictions of the 
engineering potentiality among their stu- 
dents. With the increased numbers apply- 
ing for entrance to our engineering schools 
today, the practical limits in aceommodat- 
ing them, and the serious shortage of sec- 
ondary school science and mathematics 
teachers, other means of identifying prom- 
ising prospective engineering students are 
extremely important. 

My friends in administrative positions 
in the engineering schools have pointed 
out many instances within their experi- 
ence of the lack of dependence they could 
place on secondary school grades as indi- 
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eators of potentiality for the study of 
engineering. 

A few weeks ago, I was asked by the 
officials of one of our service academies to 


check the score of a man who was in col- ° 


lege but who had applied to that academy 
for admission as a regular beginning stu- 
dent. This man was reported to have 
earned A grades both in high school and 
in college, but his aptitude score on the 
service academy entrance examination was 
in the lowest 2% of applicants, the major- 
ity of whom were high school seniors. As 
many of you know, grading standards 
vary widely, high school curricula vary a 
great deal, and the ability level of the 
students in high schools varies widely. 
You many not be aware, however, of the 
extraordinary range of the ability dif- 
ferences between schools. 

I know of one school in which the abil- 
ity level of all of their ablest seniors is in 
the lowest third of the ability level of 
seniors in another school. I am told that 
in certain studies which Educational Test- 
ing Service has made there are some 
high schools in which almost all of 
the 50 or more graduates are lower 
in level of ability than the least able 
graduate in certain other high schools. 
My conversations in the last few years 
with several engineering administrators 
suggest that there may be more than an 
ordinary proportion of applicants in re- 
cent years who have rather high ability as 
indicated by the better ability tests such 
as the College Entrance Examination 
Board Scholastic Aptitude Test (particu- 
larly the mathematical score) and the Pre- 
Engineering Ability Test but whose weak 
motivation to study engineering is mark- 
edly reduced by their experiences in the 
first semester or first term when they learn 
that they really have to study and apply 
themselves. We are all familiar with the 


long-standing situation that a number of 
able students, at least in certain high 
schools, have coasted through their last 
few years of work picking up atrocious 
study habits and then were not able to 
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develop good ones quite soon enough to 
remain in engineering college. 

We do know that the mathematical 
score on the College Board Scholastic Ap- 
titude Test provides a most effective pre- 
diction of engineering college grades. It 
is, of course, merely an indication of abil- 
ity. It provides no clue as to achievement 
or to motivation. We have no evidence 
that it is a measure of talent for making 
money, or of persuasive skill in dealing 
with people, or of the ability to invent 
useful things. In addition to scholastic 
ability, we would like to learn whether 
an applicant has learned to study or to 
discipline himself to do the day to day 
work which will be assigned to him in 
engineering school, for often an excep- 
tionally able freshman has not learned 
these things. Achievement test scores are 
partial clues in this connection as are 
grades in secondary school. 

If we set our standard as the earning of 
satisfactory grades in engineering school, 
we can predict this standard rather well 
using existing psychological tests together 
with rank in high school class. The pres- 
ent evidence suggests that for almost all 
engineering schools the Scholastic Apti- 
tude Test mathematics score alone is a 
somewhat better predictor of engineering 
grades than is rank in high school grad- 
uating class. A marked improvement oe- 
curs when we combine the Scholastic Ap- 
titude Test mathematics score with rank 
in high school class (See Figure 1). A 
slight improvement results when, in addi- 
tion to these, the Intermediate or the 
Advanced Mathematics Test score of the 
College Board is added into the composite 
of the mathematics Scholastic Aptitude 
Test score and rank in high school class. 
Many engineering schools have concluded 
that the additional advantage from use 
of the achievement tests is not worth the 
additional cost in terms of time and money 
to the applicant. 

It is becoming increasingly widely 
known that the verbal score on the Scho- 
lastie Aptitude Test can be an important 
aid in evaluating the qualifications of 4 


MATHE! 


Portic 
scho 
scor 

hig 


*The 
Examinatic 

Data 
tested in tl 
University, 

The w 
engineering 
coefficient ¢ 


grades for 


Prepared b 
Warren 4 
A. Pemb 


high schoo 
an engines 
are recom! 
scholastic 

considerati 
for predic! 
lege, This 
an average 
seores of 

Aptitude 

doubling t 
ing the ver 
as much w 
ies score. 

is low it y 
average 
Ideally, of 
would be 1 
for I kno 
area in wh: 
better pre 
score. As 
is the only 
of better 


Score, 


il 


ugh to 


natical 
Ap- 
re pre- 
es. It 
f abil- 
yement 
“idence 
naking 
lealing 
invent 
olastic 
‘hether 
or to 
to day 
nim in 
excep- 
earned 
res are 
as are 


Ling of 
school, 
well 
gether 
2 pres- 
ost all 

Apti- 
e is a 


.eluded 
ym use 
rth the 
money 


widely 
» Scho- 
vortant 
s of a 


ENGINEERING POTENTIALITY IN HIGH SCHOOL STUDENTS I37 


FIGurRE 1 


MaTHEMATICS TEST SCORES COMBINED WITH HiGH SCHOOL GRADES GIVE EXCELLENT 
PREDICTION OF ENGINEERING COLLEGE GRADES 


Approximate odds that a student will earn average 
or better first-term grades in engineering for: 


SAT-M* scores combined 


Portion of class on high 
school grades or test 


scores combined with High school grades 


high school grades used alone with high school grades 
Highest 10% 4 tol 11 to 1 
Highest 25% 3 tol 5 to 1 
Lowest 25% 1 to 3 1 to 5 
Lowest 10% 1 to 4 1 to li 


*The Scholastic Aptitude Test (Mathematical Section) of the College Entrance 
Examination Board. 

Data based upon a study by Dr. W. B. Schrader for 721 enrolled engineering freshmen 
tested in the Fall of 1948 at Carnegie Institute of Technology, Cornell University, Lehigh 
University, Rutgers University, and the University of Pennsylvania. 

The weighted average correlation coefficient of high school grades against first-term 
engineering grades at these five institutions was .46. The weighted average correlation 
coefficient of SAT—M scores combined with high school grades against first-term engineering 


grades for these five institutions was .66. 
Prepared by: 

Warren A. Rhule 

A. Pemberton Johnson 


high school senior who is an applicant to 
an engineering college. In general, we 
are recommending the use of a combined 
scholastic aptitude test score along with 
consideration of rank in high school class 
for predicting success in engineering col- 
lege. This combined score may be either 
an average of the mathematics and verbal 
seores of the College Board Scholastic 
Aptitude Test or a total obtained by 
doubling the mathematics score and add- 
ing the verbal score so that in effect twice 
a much weight is given to the mathemat- 
ies score. In this way, if the verbal score 
is low it will serve to depress either the 
average or the total composite score. 
Ideally, of course, the proper weighting 
would be worked out at each institution, 
for I know one in the middle-Atlantic 
area in which the verbal score is a slightly 
better predictor than the mathematics 
wore. As far as I know this institution 
is the only exception to the general rule 
of better prediction by the mathematics 
score, 


Educational Testing Service 
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For those institutions which receive 
achievement test scores as well as aptitude 
test scores the comparison of achievement 
test scores against corresponding aptitude 
test scores may give a rather good clue as 
to whether a particular man has per- 
formed up to the level of his ability as 
measured by the aptitude test. If your 
institution makes use of the College Board 
scores, you may wish to see the second 
edition of College Board Scores—Their 
Interpretation and Use. This booklet 
should be a great help in the use of Col- 
lege Board scores. A recent article by 
John R. Valley of ETS on use of the Col- 
lege Board tests at Case Institute of Tech- 
nology entitled “The Case Against Fresh- 
man Flunk-Outs” appeared in the Winter 
1955 issue of the College Board Review. 

Some engineering colleges are faced 
with a problem of high school students 
dropping in and asking for an immediate 
evaluation of their potential for the study 
of engineering. In such situations, the 
Pre-Engineering Ability Test can be a 
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very useful substitute for the College 
Board test scores. Some comparative 
data are available for the direct compari- 
son on an approximate basis of the Pre- 
Engineering Ability Test scores to Col- 
lege Board Scholastic Aptitude Test math- 
ematics scores. 

Neither the College Entrance Examina- 
tion Board Scholastic Aptitude Test nor 
the Pre-Engineering Ability Test is avail- 
able for use by secondary school princi- 
pals, deans, or counselors. However, the 
Cooperative Intermediate Algebra Test 
which is available for secondary school 
use, and which takes only 40 minutes of 
testing time in addition to some time for 
handing out and collecting the test papers, 
answer sheets, and electrographic pencils, 
has been found to be a very effective 
predictor of grades at two institutions, 
Purdue and Cornell, when given to in- 
coming new high school graduates. 

The Cooperative General Achievement 
Tests—Test 2, a test of general proficiency 
in the field of natural science, which takes 
40 minutes, and Test 3, a test of general 
proficiency in the field of mathematics, 
which takes 40 minutes—have been found 
in several schools to be effective predic- 
tors of grades. All of the tests which I 
have mentioned, however, are designed for 
use primarily at the high school senior 
or 12th grade level. 

I believe it to be extremely important 
for the welfare of this nation that more 
and more engineers working with the sec- 
ondary school people in their local school 
districts recognize the importance of the 
early identification of prospective engi- 
neering students particularly at the 7th 
to 9th grade levels, the particular level 
depending upon local conditions. In the 
high school systems where junior high 
schools are the rule, the differentiation in 
curriculum of the college-going engineer- 
ing and science-oriented student as com- 
pared with other college-going students 
and as compared with the non-college go- 
ing students begins to occur often in the 
7th or 8th grade. It is critical at this 
stage that more mathematically and sci- 


entifically oriented students be identified 
so that they can be guided into the ap. 
propriate sequences of mathematics, s¢. 
ence, and English to prepare them t 
meet the admissions requirements of most 
engineering colleges. Repeatedly we hear 
of able prospective engineering students 
who learn in the 10th or 11th grade that 
they should have begun back at the 8th or 
9th grade level to take the sequence of 
mathematics, science, and English that 
they needed to enter the enginering ¢d- 
lege of their choice. The Cooperative 
Mathematics Test for grades 7, 8, and 9 
and the Cooperative Science Test for 
grades 7, 8, and 9 though sometimes too 
difficult for average students in the 7th 
and 8th grade can prove quite useful as 
indicators of promise for the study of 
engineering or science. At this level, 
many schools use the traditional I.Q. or 
intelligence test which has considerable 
merit but which properly requires the use 
of some indication of the student’s inter. 
est in the area of science rather than in 
humanities or the social studies as a satis- 
factory clue to his promise as an engi- 
neering or science student. 

If you were to study what happens in 
terms of college-going or non-college-go- 
ing in the ablest 10 to 15% of high school 
graduates in many communities, you 
would most likely discover that about 
one-third of this ablest group do not go on 
to college at all. This happens for any 
one of a number of reasons which appear 
to be largely motivational and related to 
lack of encouragement by parents, teach- 
ers, older friends, or friends of their 
own age. 

Some years ago when I was counseling 
students at Purdue University, I was 
amazed to find one very able freshman 
who told me that he had never thought 
about going to college until he had taken 
the Navy College Aptitude Test and dis 
covered that he had a very high score and 
that the Navy, through its NROTC pro- 
gram, would pay his way through college. 
Three things are significant here: (1) 
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that he had not realized that he had the 
ability to do excellent college work; (2) 
he had not initially been motivated to go 
to college; and (3) the fact that he was 
alerted through the NROTC selection pro- 
gram. When he found that he had ex- 
cellent college potential, and was simulta- 
neously given an opportunity to finance 
his way to college, these circumstances 
created enough interest to make him go to 
college. It is obvious that engineering 
and science cannot claim all of this ablest 
one-third of the top ten to 15% who do 
not go on to college. If we were able to 
mn aggressive campaigns in this coun- 
try to identify prospective engineering, 
science, and other college-going talent, 
engineering would properly have to be 
satisfied with its own share but yet like 
the other groups mentioned would benetit 
by an increased number of able appli- 
eants, 
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To my mind, this problem of the early 
identification and the adequate utilization 
both in high school and in college of pro- 
spective engineering talent is of major 
importance to the nation’s future. The 
engineering profession, secondary schools, 
and industry ean, if they work together, 
discover and utilize far more effectively 
than we do today increasing numbers of 
qualified prospective engineering students. 

For those of you who would find them 
of interest, I suggest reading two pam- 
phlets developed from drafts I prepared 
several years ago which are receiving 
wide acceptance from secondary schools 
and engineering colleges. One of these is 
ealled “Secondary School Guidance Mem- 
orandum—Engineering” and the other 
“Tests for the Selection of Engineering 
Students.” These are available without 
charge upon request to Educational Test- 
ing Service, Princeton, N. J. 


College Notes 


To stimulate further development of 
electronic devices for healing the sick, 
Hewlett-Packard Company of Palo Alto 
has established a $2,000 Medical Elec- 
tronies Fellowship at Stanford Univer- 
sity’s School of Engineering. The Hew- 
lett-Packard fellowship is intended for 
agraduate student whose major interest 
is electronics, but who is also interested 
inmedicine and biology. It thus permits 
him to study for an advanced degree in 
electronics, with additional subjects in 
chemistry, biology, and medicine. 


Mrs. Lois G. MeDowell, assistant pro- 
fessor of mechanical engineering at II- 
linois Institute of Technology, has been 
elected national president of the Society 
of Women Engineers for 1955-56. The 
Society of Women Engineers is the na- 
tional professional organization of grad- 
uate women engineers and women with 
equivalent engineering experience. In- 


corporated in 1952, the society has sec- 
tions in 18 cities and three student 
chapters. 


Professional Engineering Ethics in Practice* 


By KENNETH A. MEADE 


Director, Educational Relations Section, Department of Public Relations, 
General Motors Corporation 


Ethics has been described—rather face- 
tiously—as “something that is good for 
the other fellow.” Webster defines it in 
one way as “the science of moral duty; 
broadly, the science of ideal human char- 
acter.” As applied to a specific segment 
of people, or to a professional group, it is 
often defined as a “system or code of 
standards.” 

Physically, man’s vision is limited by 
the function of his two eyes—which per- 
mit only a restricted forward view. But 
if man had a third eye—an inward view, 
so to speak—that would enable him to see 
himself as others see him—the task of de- 
vising and living by a system or code of 
standards would be enormously simplified. 
Such a vision would enable him to pene- 
trate much deeper into his actions and 
show what is in his mind and heart. 

Since ethics implies moral duty and re- 
sponsibility, its foundation is something 
which lies much deeper within each of 
us than merely human eyes can see—al- 
though, to be sure, the results of a man’s 
ethics are often painfully visible. The 
gunman who points a pistol at our hearts 
and demands our money or our lives can- 
not and does not want to conceal the terror 
of his weapon. 

By the same token, man’s ethical actions 
can be inspiringly apparent. The police- 
man who disregards his own safety and 
welfare while apprehending a gunman— 
or would-be assassin—is courageously dis- 
playing an obedience to moral duty. He 


“* Presented at the Annual Meeting of 
ASEE, ECAC Conference on Professional 
Development, Penn State University, June 
23, 1955. 


is living up to the standards or code of 
his ealling. 

Here both the gunman and the polie 
officer are acting according to their om 
acceptance or rejection of a code of ethics! 
standards. And while their actions ar 
visible—that which motivated each to act 
as he did lies within himself and is not 
visible. For while man is by nature bas. 
ically good, he has, nevertheless, the free. 
dom to choose between good and evil, 
Consequently, his actions are seldom en- 
tirely good or entirely bad. One of the 
functions of any code or standard is t 
remind him of the good and keep him 
steadfast in his free election to make his 
actions conform to the good. 

Because of their precise and quantite- 
tive habits of thinking, scientists and engi- 
neers often find it difficult—when cor 
sidering ethics—to understand or appre 
ciate the inward patterns that lead ma 
to behave as they do—that lead men to 
select the lesser good—and in some it- 
stances, the evil. We are able to detec 
the minutest flaw in the metallurgicl 
structure of a huge flywheel by means a 
modern instrumentation; we are able ti 
detect the slightest impurity in a metal by 
chemical and spectrographic tests; we ar 
able, by selection, analysis and synthesis 
to obtain purity in most material thing. 
Yet, it is impossible to detect, much les 
predict, the purity of man’s inward ret 
sons for acting in an ethical or unethied 
fashion. We have yet to discover an il: 
strument that will detect those inwatl 
motivations and subtle nuances of chara 
ter that prompt men to deviate from th 
right and the acceptable. 
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Because this is true, we then must rely 
for our judgments of others on the limited 
basis of outward, visible evidence. We 
never know with absolute certainty that 
when our neighbor says “Good Morning” 
tous that he really means it. Or that the 
yords used in a particularly glowing let- 
tr of congratulation necessarily express 
the writer’s sincere feelings. But we can 
admire each for the gesture. 

It is impossible to attach a positive or 
quantitative value to the ethical actions of 
people in general—or of engineers in par- 
tiular. Every person has his or her own 
personal set of values—and these are 
largely determined by such factors as 
the individual’s religious and social con- 
science, experience and environment. 

But it is possible to provide both the 
individual and the group with a code or 
canon based upon sound moral and ethical 
principles that can serve to remind them 
of their responsibility and help them to 
achieve the highest possible degree of per- 
sonal and professional integrity. 

I have studied the 1953 report of The 
Committee on the Promotion of Ethical 
Standards (now the Committee on Ethics) 
of the American Society for Engineering 
Education, headed by C. J. Freund, Dean 
of Engineering at the University of De- 
troit. It was an excellent study which 
reached ten conclusions and made four 
recommendations. I should like to dwell 
for a moment on conclusions No. 2 and 
No. 7, which were: 


(2) Engineers have an excellent reputa- 
tion for integrity with the general 
public. 

(7) Criteria exist for both general and 
professional ethics. 


That engineers have an excellent rep- 
utation for integrity with the general pub- 
lie is not an accident. It occurs to me 


that we should with one hand pass a 
bouquet to the profession at large for 
establishing and enforcing a self-imposed 
standard of behavior and to the engineer- 
ing educators who have been responsible 
for impressing the importance of these 
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standards on their students. With the 
other we should present an ethical scale 
whereby today’s engineers may continue 
to weigh their standards so that the same 
favorable things can be said of them in 
the future. 

What would be the nature of this scale 
of ethics which we might hand to today’s 
engineers? Dean Freund’s committee con- 
sidered several approaches for arriving at 
an evaluation of ethical professional con- 
duct. They considered several criteria— 
the golden rule, the natural law, tradition, 
and religious teachings—before conclud- 
ing that “any general system of ethics 
must rest upon more than one criterion or 
authority.” Since many of the concepts 
involved in the criteria mentioned (and 
in any others which might be considered) 
are abstract, the contemplation of an 
ethical scale by the engineer, who is used 
to thinking in concrete terms, is not an 
easy task—quantities, mathematical for- 
mulae and measurable dimensions are his 
forte. 

However, because engineers do have an 
excellent reputation for personal and pro- 
fessional integrity in the opinion of the 
general public, it must follow that what- 
ever system is now being used to maintain 
these high ethical standards is a worthy 
one. The standards set down in the 
“Faith of the Engineer” and the “Canon 
of Ethics for Engineers,” adopted by the 
Engineers Council for Professional De- 
velopment, are firmly rooted in the prin- 
ciples of ethical conduct. To quote from 
the foreword of the latter, “as the keystone 
of professional conduct is integrity, the 
engineer will discharge his duties with 
fidelity to the public, his employers, and 
with fairness and impartiality to all.” 
The principles and maxims contained in 
both these documents have helped to in- 
spire responsible attitudes and foster an 
environment that has resulted in very 
high standards of professional integrity. 


Environmental Condition 


Perhaps it might be well, then, to ex- 
amine the environmental condition under 
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which engineers work. Every engineer, 
of course, contributes to his own environ- 
ment because he is by profession one who 
deals with those material and force rela- 


tionships that surround us. It is needless. 


here to recount his importance to society 
except to point out that, in number, engi- 
neers represent only a fraction of a per 
cent of our total population of about 165, 
000,000. This importance is reflected in 
practically every man-made thing which 
we own, borrow, or use. Without their 
contributions, both our national security 
and our inereasing standard of living 
would be seriously jeopardized. They are 
by the nature of their profession called on 
to assume an important role at all levels 
of our society wherever they may work. 
Because of this, each engineer contributes 
largely to the shaping of his environment 
and of the environment of those around 
him, 

I represent an industrial organization 
which employs a significant number of 
engineers. We have some 9000 graduate 
engineers at work in more than one hun- 
dred locations and, because of the diversity 
of our products and our decentralized op- 
erations, the environment of individual 
engineering groups probably differs in 
detail—but not in overall perspective. 

In our organization, there is no special 
environment provided for engineers that 
is different from that for other employes. 
Rather, there is a common climate for all, 
regardless of the type of work done or 
the individuals involved. This working 
climate, or environment, is outlined in six 
basic principles that serve as a guide to 
all those responsible for the management 
of the business. They are also brought to 
the attention of every employee in the 
company as a guide in discharging in- 
dividual and collective responsibilities. 

These principles are: 


(1) Put the right people in the right 
places. 


In the case of the engineering graduate, 
this implies that he will be given a work- 
ing assignment which will enable him to 
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develop himself vocationally along the 
path which he selected when he decided to 
study engineering, and eventually to make 
the maximum contribution of which he js 
capable to the business, to the profession 
and to himself. 


(2) Train everyone for the job to be 
done. 


On-the-job training and _ orientation 
programs are set up to assist him in 
developing his talents and skills to their 
utmost. 


(3) Make the organization a coordi- 
nated team. 


In none of these more than one hundred 
locations do engineers work as “ivory 
tower” specialists in splendid isolation. 
Each has a place to fill in an organization 
which is welded together by common goals 
and the individual engineer contributes 
but a part to the overall achievement. 
His work is communicated to others and 
becomes valuable only as others on the 
team take advantage of what the engineer 
is able to contribute—whether his work 
be on the drafting board, in a dynamom- 
eter room, in manufacturing process de- 
velopment, as a production supervisor, or 
whatever his assignment. However, the 
organization of the team and the evalua- 
tion of its work by management are such 
that individual initiative and individual 
recognition are encouraged. 


(4) Supply the right tools and the 
right conditions. 


Few engineers can be productive with- 
out the proper facilities with which to 
work. A few might make their maximum 
contribution with the aid of nothing more 
than their intellects—and perhaps a little 
paper and a few pencils; but, for the most 
part, today’s industrial needs are 80 
complex that a very large investment is 
needed per engineer to provide the neces- 
sary laboratory and other facilities re 
quired to do the job which will keep the 
customers satisfied. “Most of our engi- 
neers are engaged in a simplifying busi- 
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ness—making the complex simple so that 
it can be useful. The facilities required 
to make a simple device for dimming 
headlamps, for example, are quite con- 
siderable. 


(5) Give security with opportunity, in- 
centive, recognition. 


While each engineer must capitalize 
upon his own opportunities to progress, 
incentives are provided to stimulate him 
to develop the best that is in him. These 
incentives are in the form of recognition 
within his own group; recognition by 
those above him in the line of management 
within the organization; and recognition 
in the outside world through technical so- 
ciety and community work. There are 
iso financial rewards in the form of merit 
increases in salary commensurate with 
his individual contribution and respon- 
ibility. This is an important incentive 
always. 


(6) Look ahead, plan ahead . .. for 
more and better things. 


Much of this function is the responsibil- 
ity of the company’s team of engineers 
ud scientists engaged in research, styl- 
ing, product development and production 
guided by top management. 


There you have the six basic principles 
which create the climate for the individual 
engineer’s conduct in one typical indus- 
ial organization. These principles are 
founded on the concept involved in estab- 
lishing the decentralized plan of operation 
for the organization developed during the 
1920’s. Mr. Sloan in his book “The Ad- 
ventures of a White Collar Worker” in 
«plaining his concept of how such an 
ganization should be established said, 
‘Divide the organization into as many 
parts as consistently can be done; place 
in charge of each part the most capable 
‘eeutive that can be found; develop a 
ystem of coordination so that each part 
may strengthen each other part, thus not 
nly welding all parts together in the com- 
non interests of a joint enterprise, but 
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importantly, developing ability and initia- 
tive through the instrumentalities of re- 
sponsibility and ambition; and developing 
men—giving them opportunity to exer- 
cise their talents both in their own in- 
terest as well as that of the business.” 

In the 1940’s a statement of these basic 
principles that I have just outlined was 
adopted as a guide to be followed in 
the operation of the business. When Mr. 
Harlow H. Curtice became President of 
General Motors in 1953 he again empha- 
sized the importance of these principles 
to the continuing success of the organiza- 
tion in establishing, developing, and 
maintaining the right working environ- 
ment. 

You have probably noted that all of 
these principles deal with people. You 
will further note that each one of these 
principles implies a two-way responsibil- 
ity. The responsibility of the organiza- 
tion to provide the opportunity and in- 
centive—and the responsibility of each 
employe to make use of these tools in his 
own development. 

Most folks would agree that these prin- 
ciples, if all were applied at all times as 
intended, would provide an ideal climate 
for proper individual ethics. It would 
be an exaggeration to claim that in ap- 
plication all of these principles are per- 
fectly applied or maintained in perfect 
balance at all times, but each is a goal 
which our people try to achieve. Since 
all people have human frailties which evi- 
dence themselves even above the most 
sincere efforts to avoid them, here and 
there a small storm cloud does sometimes 
develop which darkens this apparently 
utopian sky. 

Now what can be done when something 
happens to becloud this utopian climate? 
What is management’s responsibility in 
the development of an environment that 
will promote the maintenance of high pro- 
fessional and ethical standards? What is 
the employe’s responsibility ? 

All sound business principles or policies 
take into account the equities of every 
person and part of the total operation. 


| | 
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When policies are sound, the equities of 
all are in proper balance. The returns for 
shareholders are equitable and the rewards 
to each member of the working organiza- 
tion, from the top manager to the newest 
employee, are in balance—according to 
each individual’s contribution to the suc- 
cess of the business; the quality of the 
product and its price are balanced so that 
the customer’s best interests are served; 
and in every other aspect the equities—as 
opposed to the wants and the desires—of 
every individual concerned are taken into 
account and satisfied. 

Let us consider for a moment the prob- 
lem of placing the young engineer on the 
job. Once he has obtained his basie edu- 
cation as an engineer, it is up to his em- 
ployer to place him in a starting job which 
will afford him an opportunity to make 
use of his training and at the same time 
provide for his own self-development. 
Later in his own self-development, he 
may be led into fields of activity other 
than engineering in which his contribu- 
tions are more beneficial to himself, to 
his company, and to society at large. In 
any case, the decision as to which is the 
best place for the man in the organiza- 
tion must be arrived at through mutual 
understanding. Proper placement re- 
mains a mutual concern throughout his 
years of employment. 

Training is a dual responsibility. The 
company places the training opportunities 
before the employe, but the employe 
must use these to improve his “know how” 
and develop himself according to the op- 
portunities which are provided by man- 
agement and which he makes for himself 
as he progresses. 


Personal Code of Ethics 


The contribution of the individual en- 
gineer to the overall group objective de- 
pends to a large extent on his personal 
code of ethics. The Canon of Ethics and 
the Faith of the Engineer both emphasize 
the necessity of a favorable attitude on 
the part of the engineer toward his work 
and his responsibilities. They also stress 


his favorable attitudes toward people. |y 
the final sense, if followed, the ethical 
code of the engineer will lead him to a 
more wholesome attitude toward life jn 
general. If he looks upon work not a 
drudgery to be endured but as a means of 
bringing out his innermost values for his 
own benefit and, as importantly, for that 
of the people around him, he assures hin- 
self suecess which cannot be measured by 
any standards created by man. If he 
recognizes the equities of all his associates 
and looks upon those around him as both 
a responsibility and as sources from which 
he may draw help in his own work, he 
ennobles his stature as a man, the only 
creature on earth who can be creative for 
the good of his comrades. A primary re 
sponsibility of management in this tean- 
forming and team-working process is to 
recognize and reward those who by their 
own self-development and initiative fig. 
uratively raise their heads above the 
crowd. 

This point, recognizing the individual, 
is much broader than evaluating his po- 
tential or promotability. In the case o 
the engineer, it includes providing an ott- 
let for him to communicate the non-con- 
fidential results of his work to other engi- 
neers and to those not directly concerned 
with his work. Here, we mean appre 
priate encouragement in the development 
of technical society presentations ani 
papers for publication and in committe 
and community work. Recognition within 
the organization is important, but tha 
from outside the organization also cot 
tributes to the engineer’s sense of wel- 
being and personal value. 

The matter of providing tools is almost 
wholly an employer responsibility, but 
here the employe may be responsible i 
some measure for making the recommer 
dations which will lead to the selection d 
the best facilities to help the team do it 
job better. At the same time he is it 
portantly responsible for the continue 
maintenance of the effectiveness of thet 
facilities and putting them to their bet 
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we in his part of the engineering pro- 
gram of the organization. 

Planning and doing the job which needs 
to be done—embraced in the sixth point— 
is one of the major responsibilities of the 
engineering organization and here ethical 
standards as applied to the equities of all 
concerned are of extreme importance. 

Engineers have set a high standard of 
professional ethics. The integrity of their 
professional opinions and decisions has 
been outstanding. The results of these 
standards are evident in the magnificent 
sturdiness of a dam which holds back with 
certainty the pressure of a river. They 
are evident in the school bus loaded with 
gay and carefree children crossing a sus- 
pension bridge in absolute safety. They 
are evident in the sure ease with which 
a crane picks up its load of steel and 
moves it to another part of a manufactur- 
ing plant. They are evident in the mech- 
anism which responds to the touch of 
the brake pedal in a speeding automobile. 
They are evident in the security of the 
pilot as he pulls his aircraft level after a 
power dive. In these and countless other 
examples, the engineer’s professional 
knowledge applied with integrity adds to 
the benefit and security of us all. 

In the conduct which men expect of 
each other for the betterment of the world, 
the engineer is measured in the same ab- 
stract units which are applied to men of 
all professions and callings. I am firmly 
convinced that no person—engineer or 
whatever his calling—can take the whole 
edit for his achievements or his con- 
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tributions. His abilities were provided by 
his Creator and without some measure of 
Divine guidance his efforts would not 
reach their greatest possibilities. By the 
same token, man cannot devise or apply 
any code of ethics worthy of the name 
without the aid of some Power greater 
than himself. Whatever may be his inner 
character—ethikos, from the Greek—his 
actions and attitudes will record it to the 
pleasure or displeasure of his comrades 
and his God. 


Summary 


In summary, maintenance of a high 
level of ethics by and for the engineer is 
a matter of grave national concern. As 
valuable and sparkling as the engineer’s 
contribution may be, it could tarnish and 
deteriorate unless given under a code of 
high ethical standards. Engineers by the 
very nature of their work affect the mode 
of living of all of us in more ways than 
almost any other group in our economy. 
Thus the engineer is a servant of all men. 
May this service always be given in the 
light of equity and justice. This places 
on every engineer the serious responsibil- 
ity of doing his work and directing his life 
according to the highest professional and 
moral standards that men of the profes- 
sion can establish and achieve. Thus the 
engineer can enjoy the ultimate in per- 
sonal satisfaction from his job and the 
contribution he makes to the betterment 
of the world in which he lives. 

In the words of a proverb: “Help thy 
brother’s boat across, and lo! thine own 
has reached the shore.” 


Eastern Joint Computer Conference 


The Eastern Joint Computer Conference will be held November 7 
through 9 at the Hotel Statler, Boston, Mass. J. G. Brainerd, Director 
of the Moore School of Electrical Engineering of the University of 
Pennsylvania, will be the keynote speaker. 
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University Technical Writers and Editors* 


By LISLE ROSE 
University of Illinois 


We technical writers and editors are 
concerned with our skills and our status. 
We have grown so fast in numbers and 
responsibility that what we thought we 
knew about ourselves needs reviewing. 
We have to take stock of our collective 
skills and look at our position. We also 
want to look ahead, decide what we wish 
our skills and status to be, and plan how 
to bring them to that point. We want to 
know where we are, to set goals, and to 
figure out routes. 

People whom universities and colleges 
eall editors are all over the lot. Their 
range of duties is about as great as you 
ean get from differing local needs and 
traditions and from a wide though tight 
supply-market. Their origins too are 
varied. College technical editors have 
come from engineering, sales, advertising, 
public relations, the city desk, scholarly 
journals, English and other academic 
fields. Their present jobs may bear small 
relation to their past ones. 

Now, as TWE members we do not care 
about the peculiarities of college setups 
and college folk. But from the great 
variety within the field of college editing 
and from the causes and effects of that 
variety we may learn some lessons of 
general import. 

Perhaps I should have used charts and/ 
or statistics to show the variety. I did 
begin a chart. It was to symbolize how 
the schools assign editorial (and related) 
duties and how widely the official and the 


* Prepared for Spring Meeting of Tech- 
nical Writers and Editors Association, May 
12, 1955. Shortly afterwards, members were 
saddened to learn of the untimely death of 
Lisle Rose. 
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real jobs often differ. The chart got 
Dali-esque. I also played with the notion 
of a frequency diagram. But such a 
diagram may go out of date fast. The 
basis of many current practices may well 
change soon. Partly because of TWE 
studies academic people will learn that, 
if Topsy cannot be born again, at least 
her growth can be directed by principles. 
As a group we school men are beginning 
to feel sharply the lack of such principles 
—first step toward developing them. And 
as we develop them, today’s welter of 
practices should give way, not to same. 
ness, but to a much-needed order. 

First let’s see what the welter is. For 
information on this—on current situations 
and practices—I’m in debt to fourteen 
university and college technical editor 
and ex-editors who gave details on eigh- 
teen schools differing in size, location, pur- 
poses and structure. I hope they are rep- 
resentative samples. Help has also come 
from deans, directors, teachers, researc) 
men, and a few technical-press editors. 

Papers at previous TWE meetings have 
shown how great is the number of task 
performed by technical editors in govert- 
ment and industry. When it comes to the 
schools we have to say, “Raise you two.’ 
One reason is that editing done in teeb- 
nical colleges is not identical with tech- 
nical editing. It includes more, because 
much of the administrative work in suth 
schools, plus many of their external cot- 
tacts, and even some of their research, ate 
not technological yet yield editing jobs. 

In one or another engineering college, 
editors do all the kinds of chores per 
formed over a period of some centuries 
by both newspaper editors and scholarly 


JouRNAL OF ENGINEERING Epucation, Oct., 195 


editors. 
cerning, 
the auth 
publicatic 
This is 
expected 
done by 
Some of 
—prepar 
movies 
advising 
But othe 
editorial 
motto. 4 
when we 
our colle; 
talk also 
two of it 
relations. 
personal 
We must 
administr 
about tea 
from 
Hopkins 
a faculty 
—to forn 
sors, for 
graduates 
We ev 
managem. 
tor has er 
managem 
communi¢ 
he is not 
and carry 
rieulum, 
ete, ete. 
A relat 
people w 
titles in a 
Finally 
tain edit 
who are | 
sion or né 
All thi 
We have 
ing the f 
schools ir 
municatio 
essentially 


cS 


hart got 
he notion 
; such a 
ust. The 
may well 
of TWE 
arn that, 
at least 
rinciples, 
peginning 
rinciples 
am. And 
velter of 
to same- 


is. For 
situations 
fourteen 
1 editors 
on eigh- 
tion, pur- 
rare Tep- 
come 
resear¢h 
ditors. 

ings have 
of tasks 
1 govern: 
1es to the 
rou two.” 
teeh- 
ith teeh- 
, because 
< in such 
rnal 
arch, are 
ing jobs. 
college, 
pel- 
centuries 
scholarly 


Ocr., 1985 


editors. Their work extends from dis- 
cerning, or even implanting, a gleam in 
the author’s eye, to and beyond seeing 
publications through the press. 

This is to be expected. Likewise to be 
expected is the host of non-editorial jobs 
done by people who are labeled editors. 
Some of these jobs can be called editorial 
—preparing scripts for radio, TV, and 
movies and for demonstration-displays, 
advising the staff of a student magazine. 
But other jobs done by editors are not 
editorial at all, unless we follow Alice’s 
notto. Another way to put it is this: 
when we talk about technical editing in 
our colleges and universities we have to 
talk also about publicity work and about 
two of its forks—advertising and public 
relations. Nor can we talk only about the 
personal performance of these functions. 
We must regard their supervision and 
administration as well. We have to talk 
about teaching; and this teaching ranges 
frm individual “tutoring’—Markup 
Hopkins on one end of a blue pencil and 
a faculty or student writer on the other 
—to formal class instruction for profes- 
sors, for novice researchers, for under- 
graduates. 

We even have to talk about overall 
management, for in some schools the edi- 
tor has ended up as a part of the college’s 
management team. He is usually the 
communication specialist on the team, but 
he is not that only. He helps to plan 
and carry out policy concerning the cur- 
reulum, faculty promotions, the budget, 
ete. 

A related fact is that several academic 
people who are called editors bear other 
titles in addition. 

Finally, in many schools we find cer- 
tain editorial tasks assigned to people 
who are not technical editors by profes- 
sion or name. 

All this diversity cries for analysis. 
We have to start our analysis by sketch- 
ing the factors that have influenced the 
shools in their hiring and use of com- 
munication specialists. These factors are 
essentially the same as in government and 
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industry, but within the schools they take 
some special forms. And, of course, their 
weight varies from institution to institu- 
tion. 

One obvious factor has been the supply 
of money. In many schools this supply 
has been so small that editors have to 
double or quadruple in brass. Another 
obvious factor has been the supply of per- 
sons. Qualified editors, photographers, il- 
lustrators, and other needed personnel are 
hard to find even today; they were still 
harder to find twenty years ago, when 
many of today’s setups were installed. 
Hence a number of square pegs in round 
holes. Hence, too, the rounding out of 
some square pegs and the squaring off of 
some round holes. 


Differences in Institutional Structure 


Nationwide, just as big a factor has 
been the nature of differences in institu- 
tional structure. Of course, structure 
changes somewhat with time—and not al- 
ways rationally. Most engineering col- 
leges once operated on a pretty rigid line- 
basis; the shift to line-and-staff (a shift 
which in some schools has partly been 
caused by the demand for and the supply 
of communication specialists) has been 
general but not, on the whole, very care- 
fully planned. 

By and large, independent engineering 
colleges have been slower than their 
“bound” counterparts to see the need for 
an editor or similar specialist. This has 
been so in both line and line-and-staff 
setups. On the other hand, many inde- 
pendents have been freer to hire and use 
communication specialists as they think 
best. 

Regardless of whether an engineering 
college is a whole or a part, we have to 
consider its internal structure. In many 
schools there is a tug between specializa- 
tion, above all between specialization in 
research, and stress on that kind of com- 
munication that is called teaching. To 
simplify (unduly) let’s say that research 
specialization has tended, markedly in this 
era of research teams, to produce a de- 
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mand for technical editing and then a de- 
mand for enlarging the volume of editing 
but not the scope. Research specializa- 
tion has also led to much routinizing of 
editorial procedures, a trend reinforced 
by federal contract work. Teaching-ori- 
ented schools, I think, tend to give editors 
more kinds of jobs and to play down 
routinization. 

So far I have been talking about the 
official structure of schools. The real 
structure may of course be something 
quite different, for attitudes—which I be- 
lieve have played an even larger part in 
the operation of schools than of industry 
or government—attitudes sometimes bul- 
wark the official structure, sometimes 
erack it, and once in a while dynamite it. 
So the question whether a communication 
specialist shall be hired, and then the 
question what duties and powers he shall 
be allowed, may be decided less in terms 
of the organization chart than by the 
emotions of research specialists. 

The attitudes of administrators are im- 
portant also. A number of old-line en- 
gineering deans looked at communication 
as opposite and inferior to action. Slowly, 
they or their successors have come to 
realize that communication is an integral 
part of action—a gain for the editor. 

Teachers’ attitudes have had a more 
seattered effect. Many teachers are pretty 
individualistic and dislike any additions 
to the administrative scaffolding. In a 
school where there are a lot of men like 
this, an editor may have had to be smug- 
gled into the organization and may never 
gain status that his work and powers de- 
serve. Other teachers regard themselves 
as communication specialists and resent 
being guided in any talks or writeups, 
however strongly institutional, that they 
prepare—though they may not object to 
an editor’s doing promotional material. 
In counterbalance, many faculties contain 
influential teachers who have analyzed 
communication thoroughly enough to re- 
alize that teaching is only one mode of 
communication and that technical editors 
have a place to fill. 


UNIVERSITY TECHNICAL WRITERS AND EDITORS 


Another internal factor has been the 


committee system. That system gets ae a 
deans and teachers used to seeing quasi- va The 
administrative jobs done through part Bo once 
time channels. As a result, in some 
schools an English Department member on a 
has moved from the chairmanship of the 
college’s publication committee to a per. 
manent publications post. for aioe 
So far, I haven’t used the word “eon- em, So th 
cept.” But it is clear that the official ‘ ie wh 
structure of an organization, and the at- ter. Of « 
titudes related in diverse ways to the 
structure, theoretically and often prac eng’ 
tically rest upon concepts. Some of these ' sity may 
concepts are ex post facto, devised to ex- walty. Ex 
plain and perhaps to justify what has al- J. large 
ready been done. lot of gen: 
Let’s look at the divergent concepts of J m. conce 
an editor’s function that the technical }. thous 
schools consciously hold and then at some §.. i many 
that we can find with the x-ray. inking, E 
In several schools the functions are con- right do sc 
ceived on the basis of a descending series fy otor take 
of dichotomies. To use plain English, we J, Managem 
halve the apple, halve it again, and keep 
on slicing. The editor then is considered ; 
as dealing not with action but with com- i. 2 
munication; with verbal communication 
only, not with graphical or mixed; not f° ™2@ser 
with oral communication but with writ P™@"S) ™ 
ten; with institutional documents, not 
with an author’s “personal” output (when PF” up to m 
ever the line may be drawn); with the i 
“form” and not the “content” of docu- re on 
ments (in whatever way form and content § ss - | 
may be defined). An editor so circum- 8 hg 
stanced will perform one of the four jobs f° ““° thi 
which Irving Rosenbarker has said all 
technical editors should perform; that is, ir heed 
he will help authors to communicate ideas. + sage 
Even this task he may do poorly. And f ae 
he will probably not do at all the other nage ] 
three jobs that Mr. Rosenbarker named: lieve he s 
He will not improve publication schedul- [#8 Whole 
ing; he will not broadly or permanently ually no 
improve an author’s abilities; he will not the for 
improve—he will probably impair—the “ss the 8 
relationship that we like to see between 1m 
editors and authors. - a 
lg agencies. 
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noved over to another set of concepts that 
fet the technical editor’s work and 
status. These concepts relate to a col- 
we’s personal-contact philosophy. In 
nost small schools, close touch between 
aulty and students is common and it 
mds to be carried over to intra-faculty 
yhavior. Large institutions generally 
ry for these goals, but don’t always reach 
lem. So the size of the school may influ- 
nee the relationship between editor and 
iter. Of course, a college does not nec- 
arily share the traits of its university. 
small engineering school in a large uni- 
asity may have a friendly and intimate 
Even large engineering schools 
ithin large universities may seek and get 
lot of genial face-to-face contact. 
The concepts I have just been talking 
hout, though pretty superficial, are as 
ar as many colleges have gone in their 
linking. But we can go further. We 
hight do so through an approach that 
Drucker takes in his recent “Fhe Practice 
Management.” 


Basic Operations 


Drucker finds five basic operations in 
lemanager’s job: Setting objectives, or- 
puizing, motivating and communicating, 
weasuring, and developing people. These 
id up to managing the business, manag- 
ig managers, and managing work and 
okers. We might note that Bob Ham- 
it’s chart (Fig. 4) in his “Technical 
titing Grows into New Profession” cov- 
these three functions though not by 
ame, 
As to the first, colleges differ widely in 
iir answer to the question, “What is the 
business, if any, that an editor should 
uanage?” said that a few schools 
‘lieve he should help manage the col- 
"e's whole business. Others leave him 
itually no business to manage at all— 
ea the format of his publications and 
hdeed the style book that is to be his 
ible are imposed on him by a dean, a 
iteetor, project supervisors, or sponsor- 
lgagencies. In such a situation, the col- 
we has not yet realized that there is a 
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difference between the business of editing 
and the work of editing. If an open or 
tacit distinction is drawn, the concept of 
the editor’s business may not include call- 
ing on him for innovations; he may be 
expected only to do better what his prede- 
cessors have done well. In other words, 
he doesn’t set objectives, he merely ac- 
cepts them—with all that this implies 
about motivating other persons, develop- 
ing them, and measuring them and their 
output. 

When we consider Drucker’s second 
function—managing managers—we again 
find much diversity. Assistant editors 
and/or editorial assistants may be treated 
as workers, or they may be given man- 
agerial authority. Technical illustrators 
and photographers are, I believe, more 
likely to be at least submanagers. De- 
sign specialists within an editorial or- 
ganization are very likely to have man- 
agerial status. 

Where to place authors within Druck- 
er’s scheme is a problem. Some authors, 
to repeat what I said in other words, want 
to consider themselves as the managers 
and the editorial staff as workers or even 
as flunkies. An equally grave mistake 
is made when the pendulum swings to the 
other end of the are. In good organiza- 
tions there is actually a constant shift of 
status—at least during face-to-face con- 
tacts—on the part of an editorial man and 
his author. Now one, now the other is 
teacher; now one, now the other is deci- 
sion-maker. I don’t need to labor the 
point, except to say that in the technical 
colleges the trickest situation usually 
arises when an editor feels that a manu- 
seript or talk should have substantive 
changes. Many an author then feels 
that his professional competence is being 
questioned. 

Another group that is hard to classify 
and deal with consists of reviewers of 
manuscripts submitted for publication. 
Paid reviewers cause little trouble. Un- 
paid colleagues of the author had best be 
treated as I have implied that authors 
themselves should be treated—essentially 
like co-managers pro tem. 
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When we discuss either the business or 
the work of editorship, we can’t avoid 
talking of remedial, preventive, and con- 
structive operations. Some schools, even 
today, think of editorial service as mainly 
remedial—the correction of authors’ rhe- 
torical errors. And these errors may be 
defined just as the most hidebound of 18th 
Century precisians would have defined 
them. There are other schools which, in 
order to replace dosing by prevention, 
set up conferences or classes for authors. 
There are still others whose formal teach- 
ing or whose use of “tutorship” is inspired 
by more positive considerations: 


1. Instructing authors in documenta- 
tion. 

2. Instructing them in scientific logic 
and methodology. 

3. Trying to make them collaborate 
more effectively with fellow faculty 
members. 

4, Giving them a feeling for the in- 
stitutional approach in their research 
and writing. 

5. Trying to make them better practical 
psychologists—not only in their writ- 
ing but in face-to-face contacts. 

6. Trying to make them more well 

rounded social beings. 

. Trying to inculeate in them a human- 

istic attitude. 


Let me move our telescope. While do- 
ing so, I shall borrow a lens from School 
of Education people. They talk of the 
child-centered school, the teacher-centered 
school, the subject-centered school. Let’s 
think briefly of editing as person-centered, 
product-centered or process-centered. 

Then let’s divide persons into natural 
and artificial. First for natural persons. 

Some college editing is done to suit 
authors. Their reaction is the basic yard- 
stick. Plainly, the results can be good or 
bad; they generally are bad. But when 
“author-centered” means that the editor 
tactfully teaches his authors, then the re- 
sults can be good. 

Second, some editors try only to suit 
individual bosses; if Dean Jones or Proj- 
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ect Director Smith likes a report, a map. ight weape 
ual, a bulletin, that is enough. It is only v 
Third, a few editors try to suit mainly}! dange! 


themselves. No comment. Perhaps \ 
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Presumptive Readers 


Of the natural persons on whom edit. 
ing may be focused the most important 
are actual or presumptive readers. Mast 
of us college editors know too little about 
these readers. We need to become mor 
familiar with our customers, particulary b—authe 
when they are many and various. We er - Je 
need to make more market surveys thm} fr 
we do, and better ones. % yee 

To move from natural to artificial pe-}i storie. it 1 
sons, let’s note that some college editos T think aT 
are promoted or fired on the basis of it}. sane whe 
stitutional approval. An institution may niques, a cr: 
or may not be personified in one man «rh... or that 
a small group. Of course a number df}. Fy profess 
institutions may be concerned with the 
editor’s product—as an assembling agent) oi 
as an authorizing agency, a reviewing}: 
agency, an issuing agency, a using agene, 
In a few schools I know of, these institu 
tions are one. An engineering depatt- 
ment, for instance, may prepare a bil ny of time 
letin, review it, authorize it, determine tt), many 
least the basic content and structure tutorial 
over the editor’s objections), and measure nredly they 
the worth of the bulletin by the judgmetti}y, bing of + 
of its own members. sefore appoi 

What I mean by “product-centered” i}, ficht of 
a little vague, even to me. I’ll use the vainst “verl 
term to denote operations that are gu ig verbalist 
erned mainly by mere bigness. “The ano prc 
pages we put out the better we at'bin, por 
Each document or other end-produet i Perhaps we 
treated as an isolated unit except in 80 ll to 
as it pads the statistics. re the eohij 

Sometimes this criterion is hard tod pings the zo} 
tinguish from that used by the proeMrbion the 
centered office. In such an office the gu} py, er 
may be system or the god may be spttfores ang yni 
Most commonly he is efticiency, defined ills pipnte 
terms that would have suited TayltBonscientious: 
That is, the stress is on certain kinds “he fact that. 
systematization, not for its own sake bility under 1 
as a means to saving time and money. Jépill and high 
me say that many college editorial stalsput the work. 


editorial fiel< 
pn some log: 
ery importa 
lative stres 


ight respect this god more than they do. 
It is only when he becomes an idol that 
ie is dangerous. 
Perhaps we should add a further cate- 
vory—eraft-centered editing. When the 
; waft is the focus of attention, editing may 
_ Iyedone for a fairly few experts whom the 
whom edi itor regards as his peers and judges— 
important} .4 some of these experts are dead. The 
lers. Most eperts, living and dead, are conceived 
little about} +5. possessing a taste which is lacking 
in the other persons with whom the editor 
1 |eals—authors, his bosses, the bulk of his 
aders. Just which craft is focused on 
rveys thu) i) vary from editor to editor. It may 
kin the craft of journalism, it may be 
ficial Pe-bhetorie, it may be typographical design. 
ege editos} Think it is clear that not all the schools 
asis Of it-bee sure whether editing is a set of tech- 
‘hiques, a craft, an art, a science, a busi- 
ess, or that combination of the five which 
sa profession. Nor are they all sure 
: whether it is desirable to leave paths open 
ing agent), by which editors may move out into non- 
pditorial fields. They are not clear either 
ng agen some logically smaller but practically 
‘fery important matters; for example, the 
;felative stress they should place on econ- 
my of time as against a set of functions 
t many colleges emphasize—the edi- 
or’s tutorial and teaching functions. As- 
id meastnediy they are not in agreement as to 
judgmetiti. kind of training an editor should have 
fore appointment and on the job. The 
ig fight of course is over engineering as 
gainst “verbal” backgrounds. My gray- 
‘hg verbalistic self and my graying com- 
, pers are probably a passing evolutionary 
We bhase, Perhaps we are the dinosaur. 
ethaps we are the kangaroo, a holdover 
dapted to a special habitat. Perhaps we 
r¢ the eohippus, whose descendants in- 
ude the zebra, the Shetland pony, the 
bian, the Percheron. 
That most technical editors in the col- 
y be spiel ges and universities are doing a fine job 
, defineltts s tribute to their innate abilities and 
‘Pouscientiousness, and a further proof of 
¢fact that people with those traits serv- 
n sake bitty under or with supervisors of good 
roney. [fill and high intelligence will usually “get 
i t the work.” 
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All the same, collectively we need a 
firmer base for our operations. We in 
the colleges might well study with care 
the functions of the publications engineer 
as Hamlett has worked them out and 
charted them. We ought to see how 
adaptable his and other systems are to 
our needs, philosophies, and ground rules. 
A study of Hamlett’s and similar charts 
might lead some schools to change their 
concepts of their needs, to clarify their 
philosophies, and to rebuild the pitcher’s 
mound and move the outfield fences. I 
know that I myself need to do these three 
things. 


Management Audit Desirable 


I think, too, that many of us college 
editors could profit from a management 
audit like that which the American In- 
stitute of Management makes for its mem- 
bers—an audit in terms of the subject- 
organization’s 


economic function 

internal structure 

health of growth 

service to sponsors 

development policies and their results 
fiseal policies 

operating efficiency 

public service, and 

executive (or personnel) evaluation. 


I shudder to think what such an audit of 
my own office might reveal; and I ought 
to shudder. 

Finally, all of us in technical writing 
and editing need more data—not only 
data about current practice but also at- 
titude and opinion surveys. What do we 
think we ought to be doing, how, and 
with whom? What do other persons 
think? Which of these other persons mat- 
ter tous? Many of us would be happy to 
see TWEA, as a national organization 
with an important social function, take 
steps toward planning for such surveys, 
analyzing and disseminating results, and 
thus contributing still further to our pro- 
fessional development. 
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Needs of Electric 


Nuclear Engineers* 


By R. W. 


Director, Nuclear Power Development Department, The Detroit Edison Company 


and 
H. A. WAGNER 
Assistant Manager of Engineering, The Detroit Edison Company 


Introduction 


To use nuclear energy for peaceful pur- 
poses is an expressed aim of not only 
this country, but of many of the Euro- 
pean countries as well. One of the more 
important fields in which the peaceful use 
of nuclear energy appears feasible in the 
relatively near future is electrical power 
generation. 

In discussing the need for nuclear engi- 
neers in the electric power industry, it 
may be pertinent to consider: (1) why 
the demand has suddenly become so great; 
(2) how many nuclear engineers will be 
needed and how soon; (3) how nuclear 
engineers will be utilized; (4) what capa- 
bilities these men should possess; and (5) 
what can be done to assist in fulfilling the 
need for engineers. 


Increased Activity 


The determination on the part of indus- 
try to carry forward the development of 
nuclear power plants was greatly rein- 
foreed by the passage of the Atomic 
Energy Act of 1954. Prior to that time, 
the inability to own reactor facilities as 
well as fissionable material limited the 
interest of private enterprise. Further, 
the policy of the U. S. Atomic Energy 
Commission to declassify more and more 


* Presented at the 63rd Annual Meeting 
of ASEE, Atomic Energy Education Divi- 
sion, Penn State University, June 22, 1955. 


Power Industry for 


HARTWELL 


information, and to make it easier through 
“access agreements” for private enter. 
prise to investigate and study the pote. 
tial application of nuclear energy to their 


own business, has added greatly to the 
interest in atomic energy. 

As an indication of the increased indus 
trial interest in nuclear energy applics- 
tions, it is observed that as of April 1954} 
there were eight study teams with Atomic 
Energy Commission agreements. 
eight teams were investigating at ther 
own expense the feasibility of producix 
economical electrical power with nuclear 
reactors. Some forty industrial and uti. 
ity concerns were involved in this pr0- 
gram. Today, one year later, twenty 
study teams consisting of more than 7 
different industrial and utility concerns 
are actively involved in this AEC indw. 
trial participation program. Over fifty 
electric power systems are engaged il 
studying the feasibility of generatiuy 
power by means of atomic energy. 

It is significant to note that within tl 
last three months, five independent groups 
have indicated a desire to build and oper 
ate nuclear power plants, four of whitl 
are in connection with the AEC Powe 
Reactor Demonstration Program. Il! 
construction of these plants would } 
financed essentially with private capitdl 
There are 25 electric power systems tt) 
resented in the four proposals for ¢ 
struction of atomic power plants 1 
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awaiting action by the Atomic Energy 
Commission. 

As an example of the very rapid growth 
of interest, one prominent manufacturer 
of coal and oil burning steam generating 
equipment used in the power industry 
formed an atomic energy division in 1953 
and assigned four men to work in this new 
group. In 1954 there were about one 
hundred engineers and scientists in the 
division, and by the end of 1955 it seems 
likely that the division will require the 
services of more than two hundred nuclear 
engineers. In most cases, these engineers 
are specialists in their fields and have 
been brought into the division from the 
outside. This growth is taking place in 
many companies in the electrical industry 
each month. The pattern seems to be to 
assign a capable engineering executive 
the responsibility of reviewing the general 
field of nuclear engineering to determine 
what attitude the particular company 
should take. Usually, this survey results 
in more extensive application studies and 
finally actual production in the new field. 
As each step in this progression is taken, 
additional specially trained engineering 
personnel are required. 


Estimated Requirements 


The need for nuclear engineers in the 
dectric power industry will exceed the 


| supply for the next ten years and possibly 


for an even longer period of time. This 
shortage of specially trained engineering 
personnel will be felt by the manufac- 
turers of electrical power equipment and 
suppliers, the constructors and erectors of 
uuclear power plants, and the owners and 
operators of these new facilities. 

The Detroit Edison Company has about 
1,000 employes, of whom approximately 
10 are graduate engineers. To provide 
for retirements, for replacements, and for 
growth, it is our practice to employ 30 
fo 35 engineering graduates each year. 
4s atomic power plants take a more im- 
portant part in the new capacity which 
will be installed, a portion of these grad- 
tates should have a nuclear background 
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to enable us to design and operate nuclear 
plants. 

In a recent survey of the atomic in- 
dustry,t it is estimated that private in- 
dustry engaged in atomic business will re- 
quire approximately 3800 scientific and 
engineering personnel by 1958. The 20,- 
000 engineering graduates available this 
June will not satisfy the needs of present 
industry, to say nothing of the expanding 
requirements of a rapidly growing new 
enterprise. If the atomic energy program 
in this country does not move forward as 
rapidly as now seems possible, one of the 
primary factors acting to retard progress 
will be the shortage of trained personnel. 


Utilization of Nuclear Engineers 


To avoid misunderstanding, it is im- 
portant that we define what is meant by 
the term “nuclear engineering.” In the 
broad sense, nuclear engineering is in- 
volved in the design, construction, testing, 
and operation of components and equip- 
ment that make use of nuclear processes 
and materials, as well as in the research 
and development pertaining to such use. 
For the electrical power industry, the nu- 
clear engineer is primarily involved 
with the nuclear reactor and the handling 
of fissionable materials. A nuclear engi- 
neer should have a good background in 
the fundamentals of engineering, plus a 
working understanding of nuclear physics 
and chemistry, and their relation to prac- 
tical problems. 

Since the procurement of full-fledged 
nuclear engineers appears to pose a con- 
siderable problem in the near future, let 
us consider how the nuclear engineer will 
be used and what some of his qualifica- 
tions should be, since this may enable use 
of engineers now on hand. 

After management of an electric power 
system determines the need for a new con- 
ventional power plant and before this 
plant goes into service, some two to three 
years later, certain definite engineering 


t Growth Survey of the Atomic Industry, 
1955-65, Atomic Industrial Forum, Ine., 
April 1955, 
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steps must be taken. These steps include 
conceptual design, final design, specifica- 
tion preparation, equipment procurement, 
construction and erection, and finally per- 
sonnel training and operation. While 
there are some systems which perform all 
of these functions, many electric power 
systems engage the services of engineering 
and construction firms to do various parts 
of the over-all job. It is for this reason 
that the size and function of the engineer- 
ing departments in various power systems 
are so different today. There is every 
reason to believe that, as nuclear power 
plants are designed and built, some op- 
erating systems will do more of the over- 
all job than will others. From an over-all 
industry standpoint, however, all of the 
foregoing functions must be performed 
in building nuclear plants, and the man 
power must be made available either with- 
in the design group of the power system, 
or in the engineering organization servic- 
ing the power system. 

In this review, it may be helpful to 
study the background of the men in the 
engineering group which has been as- 


sembled to carry out the conceptual de-. 


sign and specification preparation for a 
fast breeder reactor plant. These men 
are in the working group of the Atomic 
Power Development Associates, Ine., lo- 
cated in the General Offices of The Detroit 
Edison Company. This rather unique 
corporation, which includes thirty-three 
member companies, is the outgrowth of 
the Dow Chemical-Detroit Edison indus- 
trial study team. Preliminary work was 
started by this team late in 1950 and con- 
tinued under an AEC contract in 1951. 
Since that time the group has grown until 
now there are twenty-five electric power 
systems represented in APDA, as well as 
four manufacturing enterprises, and four 
engineering organizations. 

This project is engaged in the design of 
a liquid-metal-cooled fast breeder reactor 
which appears to have real promise for 
commercial success. Thus far, approxi- 
mately $4 million, provided by the par- 
ticipating companies, has been spent for 


the effort, and a work program estimated 
to cost $3.8 million is planned for this 
year. The project has not set up a large 
laboratory, but rather has carried on re. 
search and development projects through 
the efforts of more than fifteen contrac. 
tors. The corollary effect of engaging in 
the atomic power business is illustrated by 
this case. Not only is assistance needed 
in the direct plant design, but the research 
and development effort needed to make 
atomie power truly competitive will re- 
quire the assistance of many engineers 
and scientists working in laboratories and 
elsewhere having no direct contact with 
power generation per se. 


Qualifications 


Each of the fifty-one engineers and s¢i- 
entists in the APDA working group has 
either been made available to the project 
by one of the member companies or has 
been hired from the outside on the APDA 
payroll. Figure 1 shows the organization 
chart for the APDA working group. Each 
section has been set up to perform a 
specifie function. The following brief 
descriptions of some of the section re- 
sponsibilities will also serve to indicate 
the type of engineers and _ scientists 
needed : 


a. Physics Section 


Reactor physics calculations concerning 
reactivity changes, material activation, nu- 
clear performance, critical mass, and 
others are made by this section. Included 
in the work is the design of a reactor 
shield to protect personnel and equipment 
from nuclear radiation. A strong nuclear 
physies training is indicated, but an ap- 
preciation of engineering principles and 
economics is desirable, even though rarely 
found. 


b. Fuel Element Section 


The removable portions of the reactor, 
wherein most of the total reactor heat 
output is generated,.are called fuel ele- 
ments. The complete design of these 
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fuel elements is the responsibility of this 
section. In evaluating design possibilities, 
these engineers must consider heat trans- 
fer characteristics, metallurgical and stress 
problems, and the economics of various, 
manufacturing processes. Mechanical en- 
gineers and metallurgists are primarily 
required. 


ce. Nuclear Instrumentation and Plant 
Control 


This section is responsible for provid- 
ing a safe and stable control system for 
the entire nuclear plant and has full re- 
sponsibility for all controls, instrumenta- 
tion and devices which affect plant opera- 
tion. This includes the design and opera- 
tion of the reactor control rods which 
regulate power level. Mechanical and 
electrical engineers are needed for this 
work. 


d. Test Facility Section 


The test facility section is responsible 
for the design, construction and operation 
of a nonradioactive test facility which will 
be a full-scale prototype of the reactor 
with one liquid metal coolant loop. This 
facility will be used to test final reactor 
components and assemblies as well as for 
the training of reactor plant personnel. 
Engineers familiar with research and 
operating procedures are required. 


e. Fuel Processing 


The primary responsibility of this sec- 
tion is the development of processes for 
chemical and metallurgical treatment of 
irradiated reactor fuels. This involves 
the separation of uranium, plutonium, and 
fission products so that the uranium may 
be recycled in the reactor as new fuel. 
The plutonium is suitable for sale, and 
the fission products may be stored or 
possibly sold. 

In addition to the process determination 
and separations plant design, this section 
has responsibility for fissionable materials 
transfer, storage and shipping facilities, 
the radio-chemical laboratories, and radio- 
active waste treatment and disposal. This 


work requires the efforts of chemical and 
metallurgical engineers. 


f. Administration 


The over-all successful accomplishment 
of these projects requires the leadership 
and organizing ability of engineering ad- 
ministrators. This is a highly technical 
field in a state of great change. The need 
is nowhere greater for able engineers to 
secure the cooperation and guide the ef- 
forts of the many types of engineers and 
the scientists required to bring such a 
project to fruition. 


Basic Requirements 


There may be some misconceptions con- 
cerning the number of highly theoretical 
physicists and mathematicians that are 
needed to design, test and build a power 
reactor plant. Basie reactor design work 
and performance calculations must be ae- 
curately done by such specially trained 
personnel. For this work, the physicist, 
mathematician or engineer draws on many 
years of academic training and possibly 
five to ten years of work in the nuclear 
field. It appears that only a relatively 
few on a project such as ours require this 
background. 

Most of the engineers engaged in reac- 
tor and reactor component design require 
only a limited knowledge of nuclear con- 
cepts. Familiarity with the terminology 
must be obtained by an engineer before 
he can really contribute in the nuclear 
field. It has been our experience that en- 
gineers having a good background of en- 
gineering training and a sincere interest 
in the nuclear business can and will ob- 
tain an adequate working knowledge of 
the nuclear physics needed in a compara- 
tively short time. A summary of the edu- 
cational background of the APDA work- 
ing group is shown in Figure 2. The 
large number of mechanical engineers in- 
volved in fitting the fast breeder reactor 
and its various systems together is always 
surprising. Many of these engineers cot- 
centrate on “hardware” type problems 
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ical and Figure 2 
EpucatTionaL Backgrounp oF APDA Workine Group PERSONNEL 
B.S. M.S. Ph.D. ORSORT* Total 
lishment 
adership Chemical Engineers 3 1 - - 4 
ring ad- Civil Engineers 1 1 
technical Mechanical Engineers 20 3 1 (1) 24 
The need Electrical Engineers 4 2 - (2) 6 
neers to Metallurgical Engineers 2 1 - - 3 
Physicists 2 4 1 (1) 7 
Physical Chemists - 1 1 - 2 
eers and Mathematicians - 1 - - 1 
such a Lawyers—LLB 4 
Administrative Personnel f2 
51 
ons con- 
eoretioal * Oak Ridge School of Reactor Technology. 
that are 
a power which are absolutely vital to the operation uate work. The basic engineering train- 
gn work of the reactor plant. ing should not be sacrificed in favor of 
st be ae- Special requirements of a reactor sys- nuclear subjects, since by far the larger 
trained tem may have a pronounced effect on the part of the design is concerned with basic 
hysicist, design of pumps, valves, fittings, insula- engineering. 
on many tion, piping and heat exchangers. This is The training provided by the AEC 
possibly surely the case in a liquid-metal-cooled through the schools at Oak Ridge and 
nuclear | reactor system where very large quantities Argonne National Laboratory has been of 
elatively | of molten sodium and sodium-potassium tremendous value to those engaging in 
uire this alloy must be circulated. Likewise, it is the study of nuclear power. Also, the 
the case where reactors are cooled with Atomie Energy Commission’s willingness 
=o vie d high _ water which must be to permit engineers from industry to work 
require maintained in a completely clean, virtually in 
ear con- leak-tight stainless steel system. These t helpful 
ninology special design problems are solved by ate P a 
before capable mechanical and metallurgical en- 
andi gineers who at the same time understand ™ay be placed in universities to — 
aki the general requirements of nuclear proc- them to provide training to personne 
te | 
interest Satisfying the Heke atomic energy will serve to supplement 
will ob- In attempting to meet the demand for the principles which have been learned in 
edge of | engineers in the nuclear field, it would ap- the classroom. As an illustration, APDA, 
er pear that three principal courses should ne, has a contract with the University 
the edu- be helpful. of Michigan to study and evaluate cer- 
: = 1. Every possible assistance and en- tain phases of chemical and metallurgical 
oe couragement should be given to our engi- Teprocessing; with Rensselaer Polytechnic 
ers 1 | neering colleges and universities to enable Institute to develop a scrap recovery sys- 
reactor | them to provide the training needed. In tem; with the Battelle Memorial Institute 
3 always our opinion, this can best be accomplished _to study improved methods of making fuel 
ers con by adding to the established engineering elements; and others. APDA has also 
roblems | curriculum, possibly in the form of grad- made arrangements with the Institute for 
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Figure 3 


CasE HistorRigES—ACADEMIC AND TRAINING BACKGROUND 


Section Age Employed by rior to with 
raining eporting to APDA 
APDA, Ine. | APDA, Inc. 
A | Fuel Element} 29 | BS-ME 1948 | Instructor dur-} Electric Power| 3 Years Power Plant} 2 
MS-ME 1949 ing last 2 System esign 
years in 
school; also 
work on re- 
search proj- 
ect 
B Physics 30 | B-ME 1949 Completed 9 | Electric Power| 4 years System 3 
ORSORT 1951} hours of System Operation 
graduate 
work 
C_ | Mechanical 43 | RS-EE 1934 Took special | Electric Power} 20 Years Power Plant} 1 
Handling BS-Phy 1950 courses in System including Design 
MS-Phy 1954 reactor 3 years 
theory dur- on loan to 
ing 1953-54 G.E. Co. 
(KAPL) 
D_ | Instrumen- 35 | RS-EE 1949 Took 20 hours | Electrical 4 Years Electrical 2 
tation and ORSORT 1951] of graduate Manufactur- Equip- 
Control work prior ing Enter- ment De- 
to going to prise sign 
ORSORT 
and has 
taken 10 
hours since 
1951 


Atomic Research (Iowa State College) to 
study fission product separation. 

3. We have found it to be entirely 
feasible to train engineers already at hand 
in the special knowledge needed for nu- 
clear work. While this does not lessen 
the need for engineers in a company, it 
will provide the specialized training re- 
quired now and until such time as this 
can be secured in the normal way in our 
universities. 


The Detroit Edison Company has 
worked very closely with the Extension 
Division of the University of Michigan. 
During this past year, Dr. Henry J. Gom- 
berg, Assistant Professor of Electrical 
Engineering and Assistant Director of 
the Phoenix Project, along with some as- 
sistants, presented extension courses in 
nuclear engineering in Detroit. These 


were very well received. When this train- 
ing program was announced to Detroit 
Edison employes, it was thought that 
possibly 25-35 employes might be inter- 
ested in this graduate course, Introduc- 


tion to Nuclear Engineering. The course 
was described as follows: 


IntRoDUCTION TO NucLEAR EnGI- 
NEERING (Basic). An introductory 
treatment of application of theoret- 
ieal physics in the production of nu- 
clear energy, designed to develop a 
broad background in atomic and nu- 
clear science. Text: Introduction to 
Atomic and Nuclear Physics, by 
Semat. 


More than 150 Detroit Edison men 
signed up for this first course, but only 
75 could be accepted during the fall se- 
mester. The course was repeated during 
the next semester and the second course— 
Nuclear Structure and Stability (Ad- 
vaneed)—was taken by about 40 em- 
ployes. Of the 40 who took the second 
course, 18 have asked that the third se- 
mester’s work be offered next fall. 

An intensive desire to become knowl- 
edgeable in the new field of nuclear energy 
has been, of course, of tremendous assist- 
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ance in developing some of our electrical 
and mechanical engineers into nuclear en- 
gineers. 

In this connection, it is of interest to 
study the academic and training back- 
grounds of four of the engineers holding 
positions of responsibility in the APDA 
group. Referring to Figure 1, we will 
select for this ease history review the 
heads of the Fuel Element, Physics, Me- 
chanical Design, and Instrumentation and 
Control Sections. 

Analysis of the data presented in Fig- 
ure 3 suggests that there are various ways 
of attaining competence in the field of 
nuclear engineering. Engineer A had no 
specialized training in the field prior to 
his joining APDA, while Engineers B and 
D attended the one-year course offered 
at the Oak Ridge School of Reactor Tech- 
nology. Engineer C, some fifteen years 
out of school, developed an interest in 
physics and nuclear engineering. His 
additional schooling and the three years’ 
experience at the Knolls Atomic Power 
Laboratory equipped him to perform his 
present duties very well. 

Experience to be gained while on loan 
to one of the governmental laboratories 
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is very valuable. Detroit Edison now has 
two engineers on loan to the Argonne Na- 
tional Laboratory. Another method of 
giving nuclear engineering training to 
men already established in the power en- 
gineering field is to offer scholarships. In 
this regard, Detroit Edison has an em- 
ploye completing his master’s degree in 
nuclear engineering at the University of 
Michigan and also has another taking a 
special seven-month course at Argonne 
National Laboratory. 


Conclusion 


In conclusion, we consider the peaceful 
utilization of atomic energy as one of the 
great new forces which will come into full 
use within the next two decades. An in- 
creasing part of new electrical capacity 
will be nuclear power, and new uses for 
what are now waste fission products will 
surely be found. This expanding indus- 
try will require an ever greater number 
of scientists and engineers to implement 
this program. We are confident that our 
colleges and universities working together 
with industry will meet this challenge 
successfully. 


College Notes 


The New York University College of 
Engineering has begun programs in nu- 
clear engineering and engineering science 
this fall. The graduate nuclear engineer- 
ing program, for which the degree of 
master of nuclear engineering has been 
authorized, is among the first in the 
United States. The engineering science 
program for undergraduates is directed 
primarily toward specialization in nu- 
clear engineering. 

In accordance with these new pro- 


grams, a sub-critical nuclear reactor has 
been built with the Atomic Energy Com- 
mission’s permission. This reactor, the 
first of its kind at a university, will be 
used for experiments in undergraduate 
and graduate laboratory classes in nu- 
clear engineering. This reactor will be 
exhibited at the Atomic Energy Exhibi- 
tion in connection with the Engineers 
Joint Council Congress on Nuclear En- 
gineering to be held in Cleveland in 
December. 
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for the young engineering teacher 


Contributed by CYET 
JoHN L. ARTLEY, Chairman 
Duke University 


Editor of YET-itudes 
LEE HARRISBERGER 
N. C. State College 


Lookin’ Ahead 


The Committee on Young Engineering 
Teachers is appointed under new manage- 
ment by the General Council each June. 
This year the CYET has set up another 
healthy and worthwhile program of real 
interest and value to every “youngster” 
in the business. 

John Artley is this year’s “boss” and is 
assisted by Tom Boyle, Assistant Profes- 
sor of Mechanical Engineering at Mich- 
igan, as Vice-Chairman, and Lee Harris- 
berger, Assistant Professor of Mechanical 
Engineering at North Carolina State. 
John is Assistant Professor of Electrical 
Engineering at Duke, has been teaching 
six years, worked in industry a year and 
a half, and boasts of his three children 
(and wife). Since John is the “wheel,” 
we asked him what’s gonna make the 
wheel roll and he sez: 


“The groundwork for a year of effec- 
tive effort by the CYET was laid by Phil 
Weinberg at the annual meeting last June. 


* (¢VET-itudes’’ is devoted to inform- 
ing the Society of the needs, pleads, and 
deeds of the young envineering teacher. 
The potential of ASEE lies with the 
young engineering teacher. The CYET 
feeis you should be informed of how 
much ‘‘ fire is in the furnace.’’ 

YET-itudes! Not Platitudes! 


The following recommendations concern- 
ing our activities were unanimously ac- 
cepted by the General Council. It was 
recommended : 


@ That the CYET sectional subchair- 
men be elected at sectional meetings 
by the general membership. This 
would lead to closer cooperation be- 
tween section officers and the YET 
subchairmen. The details of imple- 
menting this recommendation must 
be worked out through the proper 
channels. Until this is done we will 
continue to make up the committee 
membership by the ‘will-you-volun- 
teer’ method used in the past. 

@ That the CYET be delegated to as- 
sist the Society in its membership 
drive. I hope each YET will take it 
upon himself to increase the effective 
membership of the Society. Effective 
membership should mean something 
beside paid dues and having a name 
on the roll. It might be well to 
have less of a membership drive and 
more drive within the membership. 
As a YET you have an excuse for 
being enthusiastic and vigorous. Get 
out and wake up some of the old en- 
gineering teachers. It is also desir- 
able to contact persons in the service 
courses (Physics, Math, English, ete.) 
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and interest them in the job we are 
doing. 

@ That the paper contest for YETs be 
continued and that notification of the 
rules be sent to all section chairmen 
and CYET subchairmen by October 
1, 1955 for early publicity. An early 
announcement of the paper contest 
rules should help the slow starters. 
Here is an opportunity to tell your 
colleagues what you are thinking and 
doing about getting better engineers 
in action. If you have any worth- 
while thoughts let us hear about 
them. If we haven’t anything worth 
telling, why are we in the teaching 
profession? 

@ That a short term summer school be 
planned by the Educational Methods 
Division and CYET to precede the 
convention on a theme stressing 
pedagogical methods. There is a con- 
cern for a need of knowledge of the 
pedagogical aspects of engineering 
teaching. In addition to the proper 
scientific knowledge an engineering 
teacher should be cognizant of good 
teaching techniques and methods. Ed 
Kraybill, of the Educational Methods 
Division, suggested cooperating in 
planning such a session. We will 
work with him in this area. 

@ That a committee be appointed to 
study the feasibility of establishing 
an annual summer workshop for 
Young Engineering Teachers. This 
last recommendation carries the seed 
to answering many problems in main- 
taining and advancing standards in 
engineering education. You will be 
hearing more about this in future 
‘YET-itudes.’ 


You will be notified as to the progress 
of action concerning these reeommenda- 
tions. In the meantime, if you have any 
thoughts concerning CYET and YETs let 
us hear from you. Nothing like writing 
4 letter or a paper to broadcast a good 
idea or gripe. 

Engineering Education presents one of 


the most interesting challenges in our 
society. As Young Engineering Teachers 
we will be increasingly involved in evolv- 
ing a pattern of education which repre- 
sents progress. A vital aspect in effec- 
tive progress of this nature is the com- 
munication of ideas and information. The 
CYET is an organized means for channel- 
ing such information. Use it!” ... John 
Artley Chairman, CYET. 


There are some fine things in store for 
the YET this year and notable among 
them is the planning for the first summer 
workshop for YETs! This is certainly 
going to be a wonderful opportunity. If 
ASEE is to ever do a great thing for its 
younger members, it will have its chance 
here. There is no one who needs con- 
centrated study of pedagogical problems 
more than the YET. And every con- 
scientious YET is anxious to become in- 
volved in such activity. 

We would like to drop a big hint to all 
engineering deans and department heads 
looking in on this article, to wit: The guys 
who need to go to the ASEE workshops 
and the national convention, above anyone 
else, are the young engineering teachers. 
But very few do! Because it costs too 
much to pay it out of the personal pocket 
and the YETs are the least able to pay. 

We are plugging for some thoughtful 
and positive activity within engineering 
college administration to start NOW to 
plan some way of getting their most prom- 
ising young teachers to the YET summer 
workshop and the ASEE convention next 
year. We feel that every department has 
an obligation to itself and the YET to 
provide an in-service training program to 
insure better teachers and keep them. 

It_ certainly would be a sound invest- 
ment to see to it that at least one or two 
YETs from each department were sent 
to the YET workshop each year. Indus- 
try takes our half-trained graduates and 
give them extensive on-the-job training to 
make good engineers out of them. But, 
ironically, we expect our un-trained young 
teachers to become great educators with 
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absolutely no on-the-job training and no 
encouragement. 

Engineering schools should REQUIRE 
that every young engineering teacher at- 
tend the ASEE workshops and conven- 
tions. They should regard it as a duty to 
perpetuate the quality of the staff. We 
always provide funds to keep the labs up 
to date and progressive. Why shouldn’t 
we likewise provide funds to keep the 
faculty up to date? It’s an investment! 
It should not fall within the hazardous 
category of travel funds (there is no fund 
that takes a budget beating like the travel 
fund). It should fall in the category of 
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capital expenditures for modernizatioy 
of the staff. 

Let’s get behind this thing! You can 
not have a summer workshop for YETs if 
they are all too poor and unprovided for 
to attend! Start some planning at your 
school to arrive at ways and means to get 
at least one YET to the workshop. If 
every engineering school sent only one 
YET delegate, we would have over 15) 
in attendance. That would be a real sue- 
cessful deal!—Lee H. 

Here’s your YET-itude for October: 


Get out the lead, Ned! Plead the need! 


College Notes 


Rear Admiral Robert S. Hatcher (Re- 
tired) has been appointed director of the 
Guggenheim School of Aeronautics at 
the New York University College of En- 
gineering. He also was named chairman 
of the department of aeronautical engi- 
neering, with the rank of professor. 
Until his recent retirement after 31 years 
of active service, Admiral Hatcher was 
assistant chief of the Navy’s Bureau of 
Aeronautics in charge of research and 
development. 

Admiral Hatcher succeeds Professor 
Frederick K. Teichmann, who has headed 
the Guggenheim School since 1945. Pro- 


fessor Teichmann will devote full time 
to his duties as assistant dean in charge 
of the Day Division of the College of 
Engineering. 


Charles R. Anderson of Tappan, N. Y, 
has been named Director of the Division 
of Science and Technology of the Eve- 
ning School of Pratt Institute. His Divi- 
sion is one of the three forming the 
Evening School of Pratt Institute, whieh 
began separate existence on July 1 of 
this year. It was formerly operated in 
conjunction with the School of Engi- 
neering. 
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The Use of Computers in Handling 
Statistical Data* 


By W. W. 


BAKER 


Engineering Department, Carbide and Carbon Chemicals Company 


Introduction 


Computation has developed out of meas- 
uring and counting, the two sciences being 
called geometry and arithmetic, respec- 
tively. A thousand years ago, the de- 
velopment of the abacus overcame the 
limitation set by the inadequacy of the 
number of fingers and toes a man could 
produce. Finally, hundreds of years after 
the development of the abacus, and thou- 
sands of years after the beginning of 
counting and arithmetic, great minds pro- 
duced the little cogs which grew into 
modern adding machines, desk calculators, 
and accounting machines. 

During the past few years, most people 
have heard of the remarkable devices 
often called the electronic brains. Every 
school boy knows that there are in ex- 
istenece some very complicated machines 
which are capable of outstanding feats of 
arithmetic. Some of these machines are 
more clever than others—able to do more 
kinds of problems. Some can solve prob- 
lems that men cannot solve in hundreds 
of years. There are people who even 
consider an electronic computing machine 
to be capable of thought. 

A general purpose computer is only a 
tool, just as a staff of persons at desk 
caleulators constitutes a tool. If it is as- 
sumed that a staff has only enough intel- 
ligence and responsibility to carry out the 
simplest instructions and make the sim- 
plest decisions concerning the sizes of 


*Presented at the Annual Meeting of 
ASEE, Chemical Division, Penn State Uni- 
versity, June 24, 1955. 
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numbers, then all problems must be pre- 
pared as simple steps to be executed in 
sequence. The type of analysis that 
would be required to instruct such a staff 
is the same type of problem analysis that 
is needed for instructing general purpose 
computers. 

The principles of modern computing 
machines are not new, even though elec- 
tronic computers have been in operation 
only 11 years. More than 140 years ago, 
Charles Babbage dreamed of a machine 
that would add, subtract, multiply, and 
divide. It would also perform, auto- 
matically and without human intervention, 
a predescribed sequence of arithmetic 
operations and make predescribed logical 
decisions based on the results as it went 
along. In outlining his analytical ma- 
chine, Babbage described all of the prin- 
ciples of modern digital computers. 

Since the end of World War II, a num- 
ber of computers have become available 
to industry. The first of these were pro- 
duced primarily for business purposes, 
but it was only natural that modifications 
and developments would be made to these 
business machines to make them more ap- 
plicable to scientific and engineering ecal- 
culations. In more recent years, new 
types of computing machines have been 
developed specifically for scientific work. 
The majority of these machines are of the 
digital type; however, the analogue ma- 
chine is becoming more and more im- 
portant. 


Types of Computers 


There are two general types of comput- 
ing machines. The analogue computer is 
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just what its name implies: a physical 
analogy to the type of problem its de- 
signer wishes to solve. Information is 
supplied to the machine in terms of the 
value of some physical quantity. The 
machine transforms this physical quantity 
in accordance with the rules of its con- 
struction. A typical example would be 
an electrical network used to simulate 
a complex pipeline distribution system. 
The current flow would be analogous to 
the fluid flow and the economies of 
changes in the distribution system may 
quickly be investigated. 

In comparing digital and analogue ma- 
chines for simple problems, the analogue 
machine is almost always less elaborate. 
Even the most elementary digital com- 
puter requires an arithmetical unit, a con- 
trol unit, a storage unit, an input device 
for basic data and instructions, and an 
output device for interpretation of re- 
sults. In contrast, an analogue machine 
need be no more complicated than the 
problem demands. A slide rule, for ex- 
ample, is a perfectly respectable informa- 
tion machine of the analogue type. 

As the problems become more complex, 
the analogue machine loses its initial ad- 
vantage. Since it is a physical analogy 
of the problem, the more complicated the 
problem, the more complex the machine 
must be. Random electrical disturbances 
always occur in electrical circuits, and in 
the more complex analogue machines, 
these disturbances have an adverse effect 
on the accuracy of the results. This 
places a practical limit on the complexity 
of an electrical analogue computer. The 
digital machine is entirely free of such 
hazards. There is no intrinsic limit on 
the complexity of the problem that the 
digital machine can perform or control. 

The third important difference between 
analogue and digital machines is their 
accuracy potential. The precision of the 
analogue machine is restricted by the ac- 
curacy with which physical quantities can 
be handled and measured. It is not un- 
common to speak of accuracies of 1 or 
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2 parts per 100, but in the more eon. 
plex units the accuracy may be much less 
than this. This is one of the more limit. 
ing disadvantages that analogue com. 
puters have in the field of scientific com. 
putations. On the other hand, a digital 
machine which deals only with discrete 
numbers can be as precise as the problem 
demands. When a result has more digits 
than places in the counter in a machine, 
“rounding off” must be done even in a 
digital machine, but the usual thing is for 
the result to contain more digits than are 
needed. 

There is yet a fourth respect in which 
the two machines differ. An analogue 
computer works in what is called “real 
time,” that is, it continuously offers the 
solution to the problem that it is solving, 
and this solution is appropriate at every 
instant to all of the information which 
has so far entered the machine. This 
property of working in “real time” is 
very important in most problems of auto- 
matic control. Some of the modern dig- 
ital machines can achieve the necessary 
speed to work in “real time” for the con- 
trol of aircraft, but they are not fast 
enough to deal with the problem of 
simulating the flight performance of a 
guided missle. 

In simple applications, in which no 
great precision is required, an analogue 
computer will usually be preferable. For 
complex problems, or problems in which 
a high degree of precision is required, a 
digital machine is superior. Where “real 
time” computations must be made, ana- 
logue machines are almost always used 
now, though digital machines are begin- 
ning to achieve speeds to fit them for this 
type of application. 

It should be obvious from the fore- 
going discussion that a digital type of 
computer is the most desirable for sta- 
tistical and engineering applications. For 
a machine to be called a computer it must 
have five basic components: input, out 
put, control, arithmetic, and _ storage. 
Even a desk calculator has these five. 
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Input 
Input methods for computing machines 


wy with manufacturers. The input to 
desk calculator is by way of the key- 
ard. The most common input to the 
ntmatie machines is the punched card. 
this form of input is especially desir- 
ble for accounting and business work be- 
muse a Single card can obtain all the 
nformation necessary about a purchase 
nder contract, a storeroom item, a mag- 
ine subscription, and other similar in- 
mation. In addition, punched card 
ystems are especially adaptable for pay- 
il work and general accounting prob- 
ms, and they can also be used for sci- 
ntifie calculations. 

Basic data and instructions can be read 
nto some computing machines from per- 
wrated paper tape or from magnetic 
aye. The information is originally 
placed on the tape by a device that is 
mite similar to a typewriter. A typed 
spy of the data and instructions is made 
t the same time they are placed on the 
ue, This facilitates proofreading and 
ecking. Generally, the speed with which 
nformation can be read into machines 
om the paper tape or magnetic tape is 
usiderably faster than the input from 
bunched cards. 


Storage 


The capacity of the storage unit and 
le access time to obtain the data from 
orage has been a major limitation in 
igital computers. Mechanical counters, 
imilar to those in desk calculators, were 
st used; but recent developments have 
made the use of magnetic drums, mag- 
tie tapes, and electrostatic storage prac- 
ial, The availability of more storage 
upacity has greatly widened the field of 
igital computers. In the most modern 
lachines, all of the basic data and in- 
tuctions can be stored in the machine. 
le program is written in such a manner 
lat it ean utilize this stored information 
Hlectively. 
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Control 


A control unit of a digital computer 
varies in type and style with the different 
manufacturers. Generally speaking, the 
more complex and advanced computers 
are far easier to control than the slower 
machines. Just a few years ago, it was 
necessary to wire individual control panels 
for each separate problem. It is now pos- 
sible to code or program a problem for a 
computer at some remote location because 
the machines have built-in arithmetic com- 
mands or else they use general purpose 
plug boards. Most machines use what 
is called the three-address code. The first 
two addresses give the location of the 
numbers to be operated on, and the third 
address tells the machine where to store 
the result. The list of commands varies 
with each manufacturer, but always in- 
cluded are all of the standard arithmetic 
commands: input and output commands, 
some special commands, and certain “logi- 
cal” commands to enable the programer 
to unscramble the stored data. 


Arithmetic 


The arithmetic units of modern auto- 
matic computers are always eletronic in 
nature. These units are so much faster 
than the other elements of a computer 
that it is difficult to utilize the full speed 
potential of a machine. Even so, high 
speed solutions are vital in a rapidly 
changing economy; greater speeds for our 
calculators will probably always be de- 
sired. 


Output 


If the input to a computer is a punched 
card, the output may then be a punched 
card or a printed scroll. If the input is 
a paper tape or magnetic tape, the out- 
put may then be a printed scroll, another 
tape, or an array on a cathode ray tube. 


Advantages 


Automatic calculators are expensive, 
not only in initial cost or monthly rental, 
but in upkeep in terms of keeping them 
busy. A machine earns no return when 
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it stands idle; in the case of a giant ma- 
chine which may carry out instructions at 
rates of a million a minute or more, the 
problem of keeping it fed with problems 
ean necessitate a staff of around thirty 
highly skilled people. Is such expense 
justified? To put it another way, what 
advantages do we gain from using auto- 
matie machines? 

The primary gain, of course, is speed. 
This not only means that we can get our 
problems solved rapidly (i.e., before the 
solution becomes meaningless), but in 
many cases it means that through high 
speed we have the only possible way to 
solve a problem at all. 

There are more International Business 
Machines’ Card-Programmed Electronic 
Caleulators (CPC) in service than any 
other computer. These are not fast ma- 
chines, but they perform the arithmetic 
for the inversion of a 20-order matrix in 
about 8 hours. A 10-order matrix re- 
quires about 3 hours. This is quite long 
compared to some machines, but the CPC 
has limited storage and an excess of card 
handling is necessary. 

The IBM Magnetic Drum Calculator 
Type 650 is a more advanced machine 
than the CPC and can do the same inver- 
sion about 10 times faster than the CPC. 
This is the result of a greater internal 
storage capacity. The elements of the 
matrix can be stored on a magnetic 
drum, and the machine can proceed with 
the computations with little delay. 

If a large-scale computer is available 
with virtually unlimited storage and 
nearly instant access to the stored data, 
the speeds are almost fantastic. As an 
example, one machine can invert a matrix 
of order 31 with an input time of 4 
minutes for the instructions and data; a 
calculation time of 4 minutes; and an out- 
put time of 10 minutes. Another machine 
can invert a matrix of order 15 in 1.2 
seconds with only 19 instructions. 

Together with speed, we get accuracy 
from automatic machines. In many prob- 
lems, a single number is used many times; 
once entered into the machine correctly, 
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the machine can be expected to repeat jjfiaus of sca 
correctly. Present machines are not qhfrould hesit 
solutely perfect in this respect, but grpilo all the 
very nearly so; at the least, they ayojjeomputer is 
the common human errors of miscopying} find a ti 
We also gain in precision through usingpiuge of the 
automatic computers, simply because it jsfexperiment 
no “harder” for a machine to carry eightfpieetive. 
digits throughout a calculation than it jsf The end 
to carry five. pent design 
A further gain is made in economyfios. It is 
One company, International Businespave been t 
Machines, produces a full line of com-fia. To ob 
puters, ranging from a small electromeuny arithn 
chanical type of machine up to the gianifirmed. T! 
electronic computers. To _ illustrate, itfumber of 
might be fair to figure the cost of a singkfed the nun 
typical arithmetic operation on a despilered. Th 
calculator in pennies (say $0.03). lication an 
The cost per operation on an IBM 6024f To illustr 
or similar machine might then be one-fequired, if | 
tenth as much, or $0.003. hen (23 + 
The cost per operation on an IBMpi addition 
Card-Programmed Caleulator +1) ], 
could be represented by $0.0003. quired for 
The cost per operation on an IBM 7!fiversion of 
or Univae Scientific might be arounipbout 3060 a 
$0.00003. These figures are relative onl,ftis a specia 
and all assume full usage of the machineBlments are 
involved. bout the up 


Statistical Applications plution, and 


Probably an entire book could be wit 
ten about the use of automatic computix 
machines in the solution of problems « 
a statistical nature. In fact, wide use ti 
electronic digital computers has led ti 
a revision of statistical methods. Mud 
of the theory of statistics is, almost by 
definition, the characterization of lar 
quantities of numerical information bh) 
certain indexes, of which the most coll 
mon are the average and mean-squalt 
deviation. If the data can be placed a 
ecards or tape, the reduction to a fe 
statistics is often unnecessary. 

Automatic computers permit statisti! 
investigations where the work involved i! 
manual treatment is not justified becau* 
of the low probability of gaining aly 
thing significant. An example is corrélt 
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) repeat itis of scanty data, where normally one 
re not ahjuuld hesitate to subdivide the sample 
t, but arepato all the suggested categories. If a 
they avojjemputer is available, it may be possible 
\iscopying #0 find a trend or pattern at an earlier 
ough usingpage of the investigation, and subsequent 
cause it experiment design can be made more 
ATTY eight pitective. 
than it js The end point of most statistical experi- 
pent designs is a set of correlation equa- 
economy, fins. It is in this field that computers 
Businesfare been the biggest aid to the statisti- 
e of com-(ia. To obtain the correlation coefficient, 
electrome pany arithmetic operations must be per- 
» the giatffrmed. This number depends on the 
ustrate, itfpumber of variables in the experiment 
of a singkpd the number of levels that were con- 
ym a desfidered. The result involves matrix multi- 
). lication and matrix inversion. 

IBM 6024f To illustrate how much arithmetic is 
n be one-pequired, if N is the order of the matrix, 
hen (2V3 + 3N? —5N)/6= the number 
an IBMpi additions and multiplications and 
(CPCEY(N +1) ]/2 = the number of divisions 
3. quired for the inversion. Therefore, the 
1 IBM Tiifaversion of a 20-order matrix requires 
pe arounipbout 3060 arithmetic operations. Unless 
ative onl,ftisa special case in which several of the 
1e machinePements are zero, a 12-order matrix is 
bout the upper limit for desk calculator 
lution, and this is extremely laborious. 
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Computing machines are useful to a 
certain degree for the most simple statis- 
tical problems such as squaring numbers 
and then taking the square root of the 
sum of the squares. This becomes most 
attractive when a _ tape-controlled ma- 
chine is available because its input-output 
speed is usually superior and a greater 
time advantage can be realized. 

Automatie computers have made it pos- 
sible to solve problems in statisties that 
heretofore have been considered impos- 
sible. The widespread use of these ma- 
chines has actually caused a serious short- 
age of mathematicians and statisticians 
because personnel with training in these 
fields are best equipped to use the ma- 
chines to the fullest advantage. Further- 
more, the field of statistics has developed 
and broadened so much in recent years 
that industrial management is finally will- 
ing to accept statistical methods as a 
guide to decision. 

One of the main factors in the expan- 
sion of the fields of mathematics and sta- 
tistics has been the development of elec- 
tronic computers. These machines make 
it possible to do more statistical work, in 
less time, at a more reasonable cost, and 
with greater accuracy and precision than 
has ever before been possible. 
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Joseph F. Hardee, former instructor 
in engineering mechanics at North Caro- 
lina State College, has joined the staff 
of the Esso Research and Engineering Co. 


Cooperative Engineering Calendars* 


By DONALD C. HUNT 
Director of Coordination and Placement, University of Detroit 


Continued progress and development 
for fifty years with tremendous strides in 
the past two decades is the history of co- 
operative engineering education. Indica- 
tive of this development is the growing 
recognition among industrialists that co- 
operative training provides an answer to 
the need for well adjusted and properly 
oriented engineers who can step into posi- 
tions of responsibility shortly after grad- 
uation. The geographical spread of train- 
ing assignments for students of each of 
the colleges has followed naturally, with 
the result that many large companies now 
have cooperative trainees representing ten 
to fifteen different schools. And this in- 
ter-relation of students from the several 
colleges has been in spite of different cal- 
endars, differing length work periods, and 
variations in the scheduling of training 
assignments in the plants. 

At the Mid-winter Meeting of the Co- 
operative Education Division in Philadel- 
phia in January, 1954, the industrial rep- 
resentatives made a request for a study 
of the variations in the cooperative cal- 
endars of the colleges. The thought was 
to bring the programs of the several 
schools closer together, and, as explained 
by industry, a more closely coordinated 
calendar among the several colleges would 
result in expanded and improved training 
assignments for all the cooperative stu- 
dents. This is now impossible because of 
the great variation in calendars. 

This study is a result of this request. 


* Presented at the Annual Meeting of 
ASEE and accepted by the Cooperative 
Engineering Education Division, Penn State 
University, June 20, 1955. 
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A calendar of the principal cooperatin 
colleges follows, showing the current work 
schedule for parallel students. Ea 
week is represented across the page, ani 
the time between each work period rep. 
resents time in school and/or vacations 
As most schools follow a pattern of pain 
of students, a student in the opposite se 
tion would follow a work schedule in th 
intervening weeks. 


Conclusions 


A careful study of these calendars ani 
the reasons behind their planning brought 
about these conclusions: 


1. Work periods of equal length ar 
most desirable for industrial planning 
and the vacation periods are the adjust 
ing factors in making equal work period 

2. As a three-month period provides th 
maximum that a student should be awi 
from school, it follows that work assigt- 
ments of thirteen weeks should be plannei 

3. “Natural” breaks in the calenti 
provide the best time for rotating st 
dents, and the two most “natural” break 
are Christmas and Commencemett 
(Easter dates are too variable to be co 
sidered.) 

4. An exact quarter system rotatiy 
approximately the fourth week of S« 
tember, December, March and June is tl 
most desirable. 

5. Although variations of three to fou 
weeks appear insignificant, it should 
noted that in a thirteen-week plan t 
maximum variation is six weeks, and di 
ferences of more than one week are 
desirable. 
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6. The request of industry for a co- 
ordinated calendar among the colleges is 
reasonable and sound if we are to expect 
continued improvements in the training 
programs provided for cooperative stu- 
dents. 

7. A failure to recognize the request 
would be extremely impolitic as the re- 
quest has come from the “customers” of 
cooperative education. 


Recommendations 


It is recommended that: (1) an exact 
thirteen-week quarter system rotating at 
Christmas, similar to the 1954-55 eal- 
endars of the University of Louisville 


and Georgia Institute of Technology, be 
adopted as the ideal calendar; (2) the 
member colleges attempt to arrange their 
calendars accordingly, with a variation 
limit of plus or minus one week. 

Note: (1) The above chart is ar. 
ranged progressively, with the schools 
most in line with the above recommenda- 
tion at the top and those the least in line 
at the bottom; (2) Nine colleges indicated 
that changes in their calendar could be 
made and ten indicated that changes 
could not be made. However, six of the 
ten “no’s” were from schools not now 
operating on a “quarter” system. There 
was no reply from two schools. 


College Notes 


The School of Engineering, Louisiana 
Polytechnic Institute, Ruston, Louisiana, 
will serve as the meeting place of the 
Fourth Annual Instrumentation Con- 
ference on November 3-4, 1955. The 
tentative program will include papers on 
the following subjects or about the fol- 
lowing fields: Instrumentation and Con- 
trol of a Large Power Plant; Instru- 
mentation and Control of a Compressor 


Station; Practical Applications of In- 
dustrial Flow Colorimeters; Butterfly 
Valves; Instrumentation in Catalytic 
Cracking; All Electric vs. Pneumatic In- 
strumentation; Aluminum Industry; Pa- 
per Industry. All interested parties 
should contact the Instrumentation Con- 
ference Committee, School of Engineer- 
ing, Louisiana Polytechnic Institute, 
Ruston, Louisiana. 


COLLEGE—INDUSTRIES CONFERENCE 
MARQUETTE UNIVERSITY 
January 25-26, 1956 
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The Art of Writing 


By JOHN H. BOLTON 
Editor, Iowa Engineering Experiment Station, Iowa State College 


The expression of idea, whether it be 
in painting, music, sculpture, writing, or 
plan and design of a machine or a struc- 
ture, is an evidence of the personality of 
an individual. Each individual expresses 
his ideas in his own peculiar way, and 
each is identifiable by his expression. 

A Beethoven composition, an Innes 
painting, or a Frank Lloyd Wright build- 
ing can easily be distinguished; and the 
works of the lesser known artists are 
quickly recognized by any one who is 
familiar with their work. Each stamps 
his “trademark” on his production. Be- 
cause a writer shows his individuality 
dearly in his work, he ean be identified 
even more easily than other artists in their 
productions. “I knew you had written 
that,” one is told, “it is just like you.” 
Teachers soon learn to distinguish the 
copiers and cribbers in their classes. And 
an editor rarely fails to discover pla- 
giarism, simply because writing points out 
the writer so plainly. 

We have had much instruction in the 
technique of writing. Many authorities 
have told us how to write, how to use 
words and sentences. They have told us 
how to construct paragraphs and how to 
outline our ideas for clear and logical ex- 
pression. We have been recipients of 
information on how to present ideas 
graphically by charts and diagrams. We 
have been told how to prepare tables and 
all the other aids in expressing ideas. The 
time-worn expression that a picture is 
worth a thousand words has been drummed 
into our minds until we accept it without 
much thought. 

All of that is true, without a doubt. 
But without another concept of writing 
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our productions remain without a soul, 
uninspired, and very dull. The additional 
concept which requires the fullest ap- 
preciation is that writing is an art. It 
is not a science. There is very little be- 
yond the basic grade school rules which 
ean be ealled a science, if we limit our 
idea of science to the following of rules. 
It is unfortunate, but you will find that 
most of those who say that writing is 
an art soon fall by the wayside and try 
to treat writing as a science. Little 
wonder that students and even profes- 
sional writers have difficulty in expressing 
themselves. 


On Simplicity of Expression 


Just as the greatest painting is the 
simplest, the best writing is simple in the 
way in which ideas are conveyed to the 
reader. All ideas cannot be simple, but 
most complex ideas can be expressed 
fairly simply. Involved phrases, clauses, 
and sentences add to the difficulty of un- 
derstanding and are certainly not the best 
art. Abstruse and complicated language 
is not necessary for the expression of any 
idea, no matter how technical it may be. 
Every one tends to express a complicated 
idea in involved language; but he must, 
if he desires to have his ideas understood, 
say what he thinks as simply as he can. 

Men in management positions soon 
learn that it is often necessary to re- 
phrase complicated ideas and put them in 
simpler language if they are to be under- 
stood by their workers, whether factory 
laborers or technical men. The ideas in 
most textbooks are rephrased by teach- 
ers as they instruct a class. And, may we 
note here, without any intent of criticism, 
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that most college professors instruct 
classes in simpler language than that 
which they use when writing their text- 
books. It is quite normal that they 
should. Oral expression of idea in in- 
struction is naturally simpler than written 
expression because a speaker has his stu- 
dents before him and is therefore aware 
of them. He intentionally adapts himself 
to the level of understanding of his hear- 
ers. But a writer is not made to adapt 
himself to any level of understanding be- 
cause his reader is not present when the 
words are set down on paper. Of course 
he jolly well should have his reader in 
mind when he writes, but quite often he 
does not. 

A writer may argue that if he expresses 
himself simply he will not be credited 
with knowing as much as if he expresses 
himself in longer, more involved fashion. 
That may be true for those few people like 
himself who expect ideas to be couched in 
hazy, rotund verbiage. But those who are 
really expert in a certain field of knowl- 
edge express themselves in simple terms. 
It is noteworthy that usually the more a 
man knows, the simpler the language he 
uses to express his ideas. And these men 
are usually much more interesting than 
those less informed. Their complex- 
knowledge is through some metamorphosis 
expressed in easily understood terms. 
The reasons for this are two in number— 
first, the greater authority a man is, the 
less he needs to impress others; second, 
the more he knows, the better his insight 
and understanding. 


On the Use of Rules 


Every artist must have a knowledge of 
the rules which are fundamental in his 
art; but he learns quickly that rules are 
for guidance, not blind observance. Those 
best informed in any art—the critics and 
the teachers—are usually poor perform- 
ers. Most art critics have never produced 
a sketch nor painted a picture. Almost 


every community in the nation has music 
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teachers who, though they never perform 
themselves, present fair to excellent an. 
nual concerts given by their pupils. 

The rules which a critic must know 
thoroughly, and which a teacher instills 
in the minds of his students, make the 
critic and teacher so “rule conscious’ 
that they are usually not even third rate 
artists. Rules are valuable as guides, but 
one will never become a successful artist 
in any field if he slavishly follows the sign 
posts. This is certainly true of writing, 

A reading of the publications and the 
usual textbooks on the subject of writ- 
ing convinces one that the authorities are 
treating writing as a science. If every 
writer followed the teachings of the ex- 
perts in the field, their productions would 
have a deadly sameness. All writings 
would be a stilted following of the rules 
and little more; for the rule makers and 
teachers set down exact techniques for 
handling every problem one faces in writ- 
ing. If a writer attempts to follow those 
rules without thought, as many do, he 
fails miserably in expressing his ideas, 
Luckily the individual usually expresses 
himself rather well in spite of the ex- 
perts; but too often he attempts to follow 
the scientific path and winds up in failure. 

Of course one should follow the rules, 
but not blindly. For instance, every sen- 
tence must have a verb and a subject. 
What nonsense! Any artist in writing 
knows that “what nonsense” as used in 
the preceding is just as good as a sen- 
tence having a verb and a subject. One 
must consider writing as an art and strike 
out on his own if he desires to be success- 
ful in getting his ideas to others. 

Until a writer is able to consider rules 
and the so-called science of writing as 
general, not absolute guiding principles, 
he cannot be a good writer. Until then 
he will subordinate the expression of his 
ideas and his personality to the following 
of regulations. As a result his writing 
may be technically correct; but it will be 
quite ineffective, and certainly uninterest- 
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On Writing for Others 


To re-state what has been implied up 
to this time, when one is learning the art 
of writing, he must also learn how to write 
so he can be read and understood. No 
artist of any consequence produces his 
work for himself alone. He attempts to 
reach the understanding and appreciation 
of others. The true artist knows there 
is no lasting satisfaction in producing for 
himself, but the writer who attempts to 
follow writing as a science never becomes 
an artist. 

Much writing on scientifie subjects is 
so unnecessarily involved and difficult to 
understand that few read it easily. This 
writer is certain from his survey of text- 
books in science that much of the difficulty 
for the student-reader lies in the ineptness 
and the carelessness of the writer. Writ- 
ings on scientific subject matter too often 
show the “public be damned” attitude of 
the writer. 

Little of engineering is highly scientific, 
comparatively speaking. For that reason, 
much of the difficulty found by students 
of engineering is probably that freshman 
and sophomore texts are written by spe- 
cialists who write on the college senior 
and post-graduate levels. Many authors 
do not seem to know that college students 
grow mentally from year to year. And 
none of these authors, if he were a coach 
of athletics, would expect every runner 
to break the four minute mile mark. Nor 
would he expect every football player to 
make a touchdown every time he carried 
the ball. But the freshman too often is 
expected to understand the same level of 
writing as the third or fourth year college 
student. There is little consolation for 
the student in this, but there is a lesson 
for every writer. He must have his ex- 
pected reader audience in mind at all 
times. 

On Determining Readability 

Since writing is not a scientific follow- 

ing of rules but an art, no exact and ab- 


solute method has been or is likely to be 
developed for determining the ease with 


which a writing may be read and under- 
stood. No attempt at setting up such a 
standard has met with the full approval 
of any expert in the field of writing, so 
far as this writer has been able to de- 
termine. 

The most widely publicized scales have 
in common the determination of difficulty 
of vocabulary plus the length of sen- 
tences. Such scales fall down because a 
word which may be a difficult word for 
one reader is not at all difficult for an- 
other. Simple one syllable words like 
“life” and “love” will give even a phi- 
losopher pause, and words like “traffic- 
ability” will not stop a soils engineer for 
a moment. A long sentence may likewise 
be difficult for one reader to understand 
but not for another. Compromises have 
resulted in very involved scales which 
have been heralded as complete answers 
to the problem. They are not at all 
answers to the involved problem of de- 
termining just how difficult a writing is 
for a reader to understand. 

One fault with scales for finding read- 
ability is that the writer who does not 
know that he is dealing with an art ac- 
cepts the “scientific” scale as an absolute 
and infallible answer. The chief fault, 
however, is that the originators of such 
seales do not accept writing as an art. If 
such scales were published as indications 
of readability and were accepted only as 
indications, we would have less objections 
to them. Writing is not an exact science 
but an inexact art which depends both on 
the personality of the writer and on the 
individuality of the reader for effective- 
ness. 

A few years ago a simpler scale was 
developed which makes little pretense of 
measuring readability exactly.* The orig- 
inator says that his scale indicates the 
difficulty of writing rather than determines 
it exactly. In the comparison of results 
obtained by this scale with the results of 
other scales which make claims for exact- 


* Robert Gunning, ‘‘The Technique of 
Clear Writing,’? McGraw-Hill Book Co., 
New York, 1952. 
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itude, a close correlation has been found. 
The simpler scale is recommended to any 
writer who wishes to see how readable 
his work is. Reduced to its essentials the 
seale is as follows: 


1. Determine the per cent of words of 
three or more syllables, “hard words,” 
in the writing. 

2. Determine the average number of 
words per sentence, counting each 
main clause in a compound sentence 
as a separate sentence. 

3. Add the per cent figure and the aver- 
age number together. 

4. Multiply the result by .4 (four- 
tenths). 


The result of adding apples and or- 
anges together and multiplying by ba- 
nanas is called a “Fog Index,” which gives 
an indication of the difficulty of any writ- 
ing. We do not defend this empirical 
method or even attempt to explain it, 
but we are convinced that it works. A 
score of nine (which corresponds to ninth 
grade level, if you wish to use such a 
comparison) indicates quite easy reading. 
A score of sixteen indicates college senior 
level, which is perhaps the absolute max- 
imum any writing should reach. Four- 
teen is the more desirable limit. 

Too low a readability score is an indi- 
eation of galloping. For this effect read 
critically Ladies Home Journal or Cor- 
onet, to mention only two with scores of 
7 and 9, respectively. Too high a read- 
ability score makes the assimilation of 
thought too much work. That is the rea- 
son why nineteenth century literature, as 
exemplified by the novels of Thackeray 
and the prose of Matthew Arnold, is no 
longer the popular reading of housewives 
and business men. Then, if you really 
want to work, go back to Francis Bacon 
and like writers in seventeenth century 
literature. Their writings are full of ex- 
cellent thought, but much too difficult for 
modern taste. 

A writer can easily find the readability 
of his work. If it is on too high a level, 
he can help his reader by using more short 


sentences and fewer lengthy words. If 
the readability is too low, he can combine 
simple sentences and make main clauses 
into modifying clauses or phrases. He 


.can also choose shorter, more common 


words instead of longer unnecessarily 
technical words. Even an extremely schol- 
arly treatise does not have to be difficult 
reading. The author has it in his power 
to make his writings as easy or as diffi- 
cult as he desires. 


Saving Time Is Important 


In this day of the great flood of pub- 
lications which all of us should read, the 
saving of time is important. A college 
graduate can read and understand an 
article more quickly if it is on the 12 to 
14 level than if it is more difficult. If 
we have a choice, all of us select for read- 
ing the articles which are easier to com- 
prehend. Of course special interest in a 
subject will lead us to choose some writing 
which is difficult to read, but what a relief 
it is to find articles which combine reader 
interest and moderate readability. 

Consider the following selection in 
which only a small per cent of readers 
will find any natural interest. This is 
from the publication of a general (not 
specific) scientific society in England: 


‘‘Mr. T. J. Heal (Fulmer Research In- 
stitute) gave a critical evaluation of the 
reliability of the atomic distribution curves 
for liquid metals as obtained by x-ray dif- 
fraction methods. In this work the effect 
of incoherent scattering and scattering from 
atomic structure, which afford the principal 
contribution at large sin ¢/A, is subtracted 
from the observed scattered intensity, and 
the residual pattern is analyzed to give the 
atomic distribution as a function of distance 
from a central atom. Errors arise from 
x-ray absorption, from uncertain calibra- 
tion of film intensity measurements (par- 
ticularly when two different radiations, usu- 
ally those from copper and molybdenum 
targets, are used to study the same mate- 
rial), and from integrations over finite limits 
in obtaining the Fourier transform of the 
scattered intensity.’’ 
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The average of words per sentence is 
42 and “hard word” percentage is 30, 
which results in a Fog Index of 29, fifteen 
points higher than the suggested max- 
imum for any writing, or thirteen above 
the absolute maximum. In justice to this 
publication, the sample is not typical of 
the whole report, which scales around 16, 
or two points too high. But it is no 
wonder that the research professor to 
whom this periodical goes finds little of 
interest and skims rapidly through the 
publication to find items of special inter- 
est to him. 

Nor are English publications the worst 
offenders. Here’s a selection from the 
output of one of the big companies in 
the United States: 


‘« |... The shutters also would stick or 
freeze shut under snow, sleet, or dirt condi- 
tions or when the shutter blades were bent 
enough to cause excessive friction at the ful- 
erum pins. The third basic fault was that, 
combined with the necessity for heating all 
of the coolant in the system, initial engine 
warm-up was excessive due to air leakage 
past the shutter blades. 

‘Because of the shortcomings of the 
thermostatically controlled shutters, research 
and developmental work was initiated by 
automotive engineers in an attempt to elim- 
inate the shutter-type coolant temperature 
control and to perfect a suitable cooling sys- 
tem thermostat which would provide ade- 
quate coolant temperature control for car 
heating and satisfactory engine operation.’’ 


Whew! Yes, that is it. Three sen- 
tences, 38 words per sentence and 17% 
hard words. Fog Index 22, or eight 
points above highest advisable. No won- 
der one has trouble reading some external 
company pieces. Again this is not en- 


tirely typical, but the Fog Index on the 
whole article is 19, or five points above 
the highest desirable score. 

A moderate sized company with which 
we are well acquainted has an external 
publication which regularly scores above 
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18. Since little of this manufacturer’s 
product goes to college graduates, one 
may conclude that he is wasting both 
time in preparing such a piece and money 
in producing it. We wonder how many 
of the potential readers find any interest 
in a magazine on such a high level. 
Though it is presented in an interesting 
and attractive format, probably few copies 
are kept for reference by the recipients. 

Professional writers could learn much 
from the advertising in the same publica- 
tions in which their work appears. In a 
random check made recently the adver- 
tising in three technical periodicals had a 
readability of between 9 and 11, while the 
articles scored from 15 to 17. 

The general impression from checking 
publications of the scientific experimental 
groups throughout the United States is 
that with few exceptions they scale only 
slightly above the optimum in difficulty, 
but about the maximum advisable, around 
15 Fog Index. The research on read- 
ability indicates that when a writer is 
telling what he did, he uses a simple, 
readable style. When he explains why he 
did it, he gets into a more difficult, less 
readable style. That these publications 
are easier to read than the technical jour- 
nals is probably because the research men 
usually take more time in their writing 
and do more revision. It also could be 
that most experimental organizations have 
fairly well qualified editors who assist in 
the writing. 

Writing is an art, and the writer can 
develop proficiency just as any practi- 
tioner in any art does, by practice and 
more practice. Who knows but that in 
some future time such repetition will lead 
one to enjoy expressing ideas in writing. 
We think it worth trying. Don’t follow 
rules blindly, but develop the art of writ- 
ing and enjoy it. Keep the rules in their 
proper place; and do not let them inter- 
fere with the clear, easily understood ex- 
pression of ideas. 
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Teaching Basic Electric and Magnetic Fields 
—A Challenge!* 


By SAMUEL SEELY 
Chairman, Department of Electrical Engineering, Syracuse University 


1. Introduction 


The presentation of electric and mag- 
netic fields to undergraduate students at 
the sophomore and junior level has long 
been a challenge to engineering educators. 
The difficulties in presenting this material 
arise from the rather tenuous character of 
fields, and from the mathematical de- 
mands on the student. The student has 
had little prior experience with fields, and 
to help him develop the degree of sophis- 
tication required for an understanding of 
field concepts in a single course often im- 
poses considerable demands on the teacher. 
The student is being asked to mature rap- 
idly in his physical understanding and 
perception, and also in his mathematical 
dexterity. This imposes considerable de- 
mands on the student. 

The traditional approach to the study 
of fields follows from a discussion of a 
number of experiments which may be 
conducted or imagined. These are funda- 
mentally measurements of force, and may 
be accomplished through the use of a 
torsion balance, an invention of Coulomb. 
Many of the fundamental experiments 
may, and should, be performed in the lab- 
oratory by the student. The development 
of the appropriate theory follows as a 
formulation in mathematical terms of the 
experimental results. This is a perfectly 
reasonable sequence and it is the sequence 
that has been developed by educators dur- 


* Presented at the Annual Meeting of the 
American Society for Engineering Educa- 
tion, Pennsylvania State University, June 
22, 1955. 


ing the past half century or more. It will 
be shown here that an alternative sequence 
is possible. This alternative sequence also 
has its roots in experiments that the stu- 
dent may perform readily in the labora- 
tory, but it is felt that this new sequence 
possesses certain pedagogical advantages, 


2. The Classical Approach 


The basis for the discussion of the static 
electric field is to be found in Coulomb's 
law, which expresses an experimental re- 
sult in mathematical form. Implicit in 
Coulomb’s law is the concept of “action at 
a distance” and the mechanism by which 
the force due to one charge is exerted on 
another charge is the electric field pro- 
duced by each charge. Clearly, Coulomb's 
law may be considered to show that the 
interaction of static electric fields pro- 
duces forces. Ordinarily, the preferred 
interpretation is that one charge in the 
electric field of another charge, or of a 
charge distribution, experiences a force 
on it. This leads quite naturally to the 
definition of the electric field intensity 
at a point in space as the force per unit 
charge at that point. 

The theory develops by deducing ex- 
pressions for the electric field intensity 
of a variety of charge distributions: 
point, line, surface, and volume. The re- 
sults are physically general, but, mathe- 
matically, the vector integrations cannot 
be carried out except in a few special 
cases. Hence, it is necessary to continue 
with the development of the theory along 
different lines. 

From considerations of the work done 
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in moving a charge in the electric field, 
the concept of difference of potential is 
introduced. From this, one may introduce 
the absolute potential at a point, and then 
the notion of equipotentials, and the po- 
tential map of the field. A discussion of 
the potential gradient and its relation to 
the electric field, and the significance of 
the line integral follow quite logically. 
While this classical development pro- 
ceeds quite logically from physical ex- 
periments and reasoning, it proves to be 
a dificult and confusing one to the begin- 
ning student. To see more clearly why 
this is often so, let us review the situa- 
tion, One begins with a physical law or 
postulate concerning the production and 
consequences of a field, or the interaction 
of fields. This is a vector relationship. 
The students have encountered vector 
quantities in their prior work in mechan- 
ies, but in a limited way. The difficulties 
encountered in working with vector quan- 
tities, particularly with the vector integra- 
tions involved in determining the electric 
field intensity of a continuous charge dis- 
tribution, must be discussed. With a view 
toward simplifying the subsequent de- 
velopment, but in a manner which appears 
to the student as little more than some 
nathematical hocus-pocus, one introduces 
a scalar potential, the negative gradient 
of which is the electric field intensity. 
Now to add to the “clarity”, the term 
“conservative field” is introduced, words 
which ordinarily, carry no connotation to 
the student. And then to make the situa- 
tion still more lucid, the “line integral” is 
introduced. In this way, the entire study 
of electrostatics has been presented to the 
sudent. That he doesn’t really under- 
stand and appreciate the subtleties of 
what has transpired is not at all surpris- 
ing. Much of the difficulty, it is felt, 
stems from the fact that too little is said 
about the field itself, even though the 
student may carry out the integrations 
involved in the expressions that have been 
developed from general considerations. 
4s a result, such problem-solving fails 
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to clarify the fundamentals of the situa- 
tion. 


3. A Suggested Approach 


A fundamental question is the follow- 
ing: “Is it possible to introduce the sub- 
ject of electric and magnetic fields to a 
beginning student in such a sequence that 
the physical and mathematical concepts 
proceed from the simple to the compli- 
cated (that is, from the scalar to the vec- 
tor), rather than in the reverse order?” 
That is, is it possible to proceed from (a) 
a study of the physical aspects and char- 
acteristics of a scalar field distribution, to 
(b) a discussion of the potential distribu- 
tion in the field, then to (¢) considerations 
of the gradient of the potential; to (d) 
a discussion of the work expended in mov- 
ing a charge in the field, and finally to 
(e) the vector properties of the field it- 
self? Fortunately, such a sequence of 
logical presentation is possible, and it is 
the experiences of Dr. Edward Erdelyi 
and myself at Syracuse University in pre- 
senting the study of fields in this way that 
I wish to discuss now. Actually, the ap- 
proach to the subject is that suggested in 
the book, “Hinfiihring in die Theoretische 
Electrotechnik,’ by Karl Kupfmuller. 

The development proceeds from con- 
siderations of the “current flow” field. 
This is accomplished by discussing experi- 
mentally determined flux plots, and such 
flux plots are obtained by the student 
himself in the laboratory with either com- 
mercially available flux-plotting equip- 
ment, or with locally produced equipment. 
This has the advantage that the student 
begins his study by plotting and explor- 
ing scalar fields distributions. Moreover, 
the concepts of equipotential lines and 
surfaces, and of flow lines, now become 
a personal experience. 

The introduction of such mathematical 
concepts as: difference of potential, poten- 
tial gradient, and line integral, proceed 
quite naturally in translating the observed 
aspects of the field into mathematical no- 
tation. The introduction of the “electric 
field intensity” proceeds as a definition, 


178 


as the negative of the potential gradient. 
The bulk properties of current and cur- 
rent density proceed with little difficulty, 
and the water flow analogy serves to pro- 
vide the understanding of the current flow 
field. Ohm’s law in field terms follows 
simply, but some word about its signifi- 
cance must be added. A general relation- 
ship for resistance follows with no diffi- 
culty. Clearly, the focus of the student 
is on the field, with the mathematical de- 
scription following therefrom. 

With the foregoing background, it is 
now possible to introduce the vector-analy- 
sis concept of the scalar product of two 
vectors, and to relate the current with the 
surface integral of the current density 
and the vector element of area (this latter 
must first be discussed). The first Kirch- 
hoff law in general form is readily dis- 
cussed in terms of an incompressible fluid 
flow, or as a conservation theorem. The 
second Kirchhoff law is easily related to 
the line integral in the field. 

A variety of very interesting flow field 
problems are now possible for the student 
such as: flux plotting of a variety of field 
configurations, calculation of resistance 
from the flux plot of any specified elec- 
trode configuration; flow fields of point 
sources, of concentric spheres, and of 
spherical conductors; of line sources, 
grounding rods, coaxial systems, and the 
ground resistance of imbedded electrodes. 
Also, the method of electrical images is 
made entirely plausible from the known 
behavior of the current field. 


4. General Observations 


It has been our experience that work on 
the current flow field, with all that can 
be deduced therefrom, proceeds slowly. 
Moreover, the required mathematical ma- 
nipulations still remain difficult problems 
for the students. However, it does seem 


that the students obtain a fairly good 
grasp of the basic field concepts, as well 
as the capacity for approaching intel- 
ligently problems that require an under- 
standing of the field concept. 
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The subsequent work in static electri. 
fields proceeds very rapidly, since the sty. 
dents are quite familiar with virtually al 
of the features of such electrostatic fields, 
Virtually the only new idea is the concept 
of force, that is given by Coulomb’s lay, 
and this introduces no fundamental prob. 
lem in understanding. The examples of 
flow field problems almost make Gans: 
law a trivial new concept. Similarly, ther 
prior work on power loss provides back. 
ground for understanding the idea of the 
energy stored in the electric field. The 
discussion of conductors, insulators, and 
capacitance, and the discussion of the me. 
chanical forces in the electric field r. 
quire some new ideas, but these seem t 
proceed with little difficulty. 

The studies of stationary magnetic fields, 
magnetic effects of iron, energy and me 
chanical forces in the magnetic field, elec. 
tromagnetic induction, and Maxwell’s equ- 
tions, all benefit from the student’s famil- 
iarity with fields, and the mathematical 
representation of the field quantities. In 
fact, the introduction of the divergene 
operation and the Divergence Theorem, 
and the curl operation and Stoke’s The 
orem, at the appropriate points in the 
course, seem to proceed without particular 
incident. Nor, in fact, do Maxwell’s equi 
tions in vector form seem to produce any 
mental block in the minds of the students 


5. Conclusions 


In summary, therefore, it is noted that 
our experience with the study of electri 
and magnetic fields through the initial ir 
troduction and careful experimental ani 
anlytical exploitation of the multidimer- 
sional current field shows this to be a very 
effective means for the presentation d 
field problems. The student seems better 
able to understand and appreciate his sub 
sequent work than he does if the materia 
is presented along the more tradition 
lines. It is noted that, while his grasp d 
the physical ideas is greatly improved, tle 
mathematical complexities and difficultie 
remain roughly as before. 
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High School Science Fairs in the Fields of 
Mathematics and Physical Sciences* 


By WATSON DAVIS 


Director, Science Service, Washington, D. C. 


If we are to keep civilization supplied 
with the technical and scientific talent nec- 
essary to a free and safe world, constantly 
advancing, we must discover, develop and 
nurture our youth showing interest and 
capability in science and engineering. We 
are engaged in a long-continued struggle 
between the freedom of democracy and 
the tyranny of autocratic communism. 
Democracy needs scientists and engineers 
to remain dominant in this struggle. 

Under orders, Soviet youth are forced 
to become engineers and technicians in 
greater numbers, we are told, than our 
democratic educational system without 
duress produces technically trained per- 
sonnel. Without resorting to the methods 
that we are confident will eventually ruin 
the fruitfulness of Soviet technology, 
America must increase the flow of its 
talented youth into the fields of mathe- 
maties, physical and other sciences and 
engineering so necessary to our future. 

Experience has shown that the place to 
begin is as early in the high school as 
interest can be captured and implemented. 
The science club and the science fair are 
prime devices for doing this. Reading 
about science in newspapers, magazines 
and books, or hearing and seeing it on 
tadio and TV is spectator science. So, 
unfortunately, is much too much of our 
science teaching. You must actually play 
science to understand it and appreciate it. 
It is, admittedly, more difficult to partic- 
ipate in science than to just read about it. 


*Presented at the Annual Meeting of 
ASEE, ECAC General Session, Penn State 
University, June 23, 1955. 
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It is terrifically important that many 
of us have actual experience in science. 
This can best be done during the school 
years. For this reason in the interpreta- 
tion of science, the science clubs, largely 
conducted as an adjunct to the secondary 
schools, take on such importance. In the 
science clubs many who otherwise would 
not have an experimental acquaintance 
with science have this satisfying oppor- 
tunity. Over the years millions, who do 
not and should not become scientists and 
engineers, experience science as a hobby, 
to their personal benefit and to the enrich- 
ment of our national policy. 

The science youth movement (for that 
is what it is) has the other important 
function of allowing the discovery of those 
boys and girls capable of being the sci- 
entists and technologists of the future. 
The young person with talent often dis- 
covers himself through the excitement and 
satisfaction of tackling a scientific prob- 
lem experimentally. 

What grass roots are to agriculture, sci- 
ence clubs are to science education. These 
bands of boys and girls are a perpetual 
youth movement, constantly renewed by 
the innate and undulled curiosity and ex- 
ploratory spirit of those who are discover- 
ing, through doing, the world about them. 
If the future belongs to youth and to sci- 
ence, then there is a vastly more important 
place for science clubs in the scheme of 
things that are to be. Except that it is 
now given purpose, aid and encourage- 
ment through tools and programs, this 
ganging-up of those who want to find out 
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about nature, machines and stuff is not a 
very new phenomenon. 

Boys have had their workshops in barn 
and basement. In pioneer American days 
the whole struggle for existence was one 
big experiment and the children played 
their early and practical part in it. Girls, 
too, are no new hands at this business of 
experimenting, except that during certain 
decades getting feminine hands dirty was 
not fashionable. But there was always 
the tomboy, at that. 

Today it is recognized that science edu- 
cation must be accelerated if our growing 
boys and girls are to recapitulate the sci- 
entific history of the human race in the 
few years between entering school and 
getting to or through college. The for- 
mal science classes in grade, junior high 
and senior high schools do their part; it 
is a large share, too, if the pupil is for- 
tunate enough to have a well-informed, en- 
thusiastic and tolerantly skeptical teacher. 

The informal science clubs, squeezed in 
after school with the help of a teacher- 
sponsor, or the equivalent gang that makes 
models, or builds a radio set, or does chem- 
ical experiments, or collects insects, get- 
ting together in the precious free time left 
after school or on Saturdays and Sundays 
—these groups have quite as much edu- 
cational value and purpose as the 9 to 3 
(or whatever it is) schedule. We used to 
hear a lot about leisure time activities, and 
I used to wonder how that sounded to 
these boys and girls who are always busy 
and never have time to do all they wish 
to do. 

The “grass-roots” of science under- 
standing is the typical club or group in 
a high school in some town or big city. 
Science is the hobby as well as the study 
of each boy or girl among the 20 to 30 
members. A teacher who likes science, 
as he enjoys teaching youth, is the “spon- 
sor.” During noon hours, in class time, 
after school, on Saturdays, the science 
club members work on their projects— 
investigations of varying degrees of diffi- 
culty, originality and importance. The 
whole range of human interest and science 


is spanned—everything from astronomy 
to zoology—inventions, aids to health for 
the neighbors, insect collections, study of 
rocks, building of mechanical models, rais. 
ing of animals, weather observations, food 
tests, chemical experiments, and thousand 
of other projects. 

Some of these are scientists of tomor. 
row—and all are the citizens of tomorroy 
who will use and understand science. For 
the future of America—for peaceful liv. 
ing, for industrial progress, for a success. 
ful democracy, for a strong and prepared 
nation—this quest for science understand. 
ing must be expanded. 


Great Movement 


The foundations of this great movement 
have been built in the youth activities of 
Science Service’s Science Clubs of Amer- 
ica. There are more than 15,000 affiliated 
clubs—in every state—and almost every 
county, city and town of the land. A 
third of a million members are on the rolls 
of these clubs. State science academies, 
colleges, teachers associations, museums, 
newspapers, and other organizations are 
cooperating. In 38 of the 48 states, there 
is major cooperation as a part of the Se. 
ence Clubs of America development. 

The National Science Talent Search for 
the Westinghouse Science Scholarships is 
now in its 15th year. This is a nationwide 
selection of the high school seniors who 
are most likely to be creative scientists 
of the future. The selections are mate 
through a vigorous competition basel 
upon results of science aptitude examint- 
tions, recommendations, evaluations ani 
science project reports. In all, 4,200 boys 
and girls have been picked for honors, and 
the National Science Talent Search has 
been extended into the states through the 
utilization by state committees of the e1- 
tries for further honors. 

The Science Talent Search, a Scienct 
Service activity, has pioneered the recog: 
nition by the educational and scientifi 
world that those with talent can be picked 
successfully at the high school level. 

The work of science clubs is culminatel 
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in science fairs now held as part of the 
science club movement in about 100 local- 
ities. Science fairs attracting up to 1,800 
entries, in some cases, are held annually. 
Newspapers and educational institutions 
cooperate in sending finalists from these 
affairs to the National Science Fair, a Sci- 
ence Service activity. The seventh such 
event will be held in Oklahoma City, in 
May, 1956. 

Future scientists and engineers can be 
“spotted” about nine times out of 10 by 
local judges anywhere in the United 
States by the time the students are soph- 
omores in high school, perhaps much ear- 
lier. But whether these boys and girls 
go on to realize their career potential de- 
pends in large measure on how much their 
community has encouraged them and will 
continue to guide and stimulate them. 

An experiment in home town cultiva- 
tion of scientists and engineers has been 
going on for six years through the Na- 
tional Science Fair, conducted annually 
by Science Clubs of America, adminis- 
tered by Science Service. In 1950, 13 
communities held local science fairs and 
selected their best sophomores, juniors or 
seniors to compete in the First National 
Science Fair. This year 71 regions from 
coast to coast held affiliated science fairs. 
Each fair names one or two of its best as 
finalists to compete at the National Sci- 
ence Fair. This year 136 competed at the 
Sixth National Science Fair at Cleveland. 

Stemming the scientific manpower 
shortage has become a cooperative grass 
roots operation. Educators, scientists, en- 
gineers, colleges, universities, industries, 
technical and civic societies, newpapers, 
and countless other agencies in each local- 
ity have pooled their resources and know- 
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how to find and help the youngsters who 
will be tomorrow’s research and technical 
manpower. Their skill at doing this has 
become so expert that it can be predicted 
that up to 88% of the 14- to 19-year-olds 
they send to the national competition will 
actually go on to make science or engineer- 
ing their career. Many thousands of 
other boys and girls, too young to be sent 
to the national competition, or who missed 
it by a narrow margin, will also go into 
eareers that will build up our pool of 
urgently needed scientific manpower. 

Recently the 248 young people (156 
men, 92 women) who were named as 
finalists in the first five National Science 
Fairs were asked to give information 
about themselves. Of 85% who replied, 
131 were in college or other institutions 
of higher learning, attending 83 institu- 
tions in 28 states, 58 were still in high 
school, 12 were in full time employment, 
eight were in the armed service, and four 
are devoting full time to homemaking and 
child care. Some career choices of the 131 
college students are: 41 in physical science 
(chemistry 27, physics 13, biochemistry 
1), 31 in engineering, 28 in biological sci- 
ences and medicine, 13 in miscellaneous 
science, and 10 in miscellaneous non- 
science. 

This is the picture at the culminating 
national science fair level. In every part 
of the nation a similar rise in interest in 
science and technology is on the march, 
thanks to youth, teachers and adults who 
realize the need of this science youth 
movement. 

This is assurance of future national 
strength. The people who think, reason, 
discover and apply in freedom will win 
the future. 


Aim for Ames in 1956 
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Risk Analysis in Engineering Economy Studies’ 


By F. A. GI 


TZENDANNER 


Associate Director, Engineering Research Department, Standard Oil Company (Indiana) 


The object of this paper is not to de- 
scribe a new concept or mathematical de- 
velopment. Rather its purpose is to de- 
scribe some of the ways we have found it 
helpful in our business to use the concepts 
of game theory, statistical decision theory 
and perhaps some other names for the 
same general area of study. Another 
purpose is to suggest that such uses are 
properly a part of Engineering Economy 
and should be incorporated into the dis- 
cipline. 

Many engineering choices are between 
alternatives about which there are insuffi- 
cient data and many uncertainties. Typ- 
ically a low-cost alternative may be suc- 
cessful. However, it may fail and a 
higher cost step must then be used. In 
that case, the amount spent on both al- 
ternatives will be more than had the more 
expensive, and normally more certain, 
course been selected in the first place. 

In a commercial problem, the alterna- 
tives available usually include several pos- 
sible steps along quite different paths. As 
a result, the problem rapidly becomes very 
complex. Complexity alone is not in- 
surmontable, but ways are not generally 
understood for handling the inherent un- 
certainties, 

Over the past 20 years much has ap- 
peared in the literature, under various 
names, addressed to such problems. Our 
major task in trying to put it to use has 
been to select pertinent concepts from the 
technical literature and apply them to 
real problems. The outstanding difficulty 
is to devise ways of modifying the highly 


* Presented at the 63rd Annual Meeting 
of ASEE, Engineering Economy Committee, 
June 23, 1955, Penn State University. 


artificial and arbitrary conditions sur. 
rounding the game or illustration to the 
quite different circumstances surrounding 
real problems. This, incidentally, has 
been a far greater task than mastering the 
technical and mathematical concepts in 
the first place. 

As a basic example, consider game the- 
ory which at first look appears to be the 
way to handle problems of low-cost versus 
high-cost alternatives. Game theory as- 
sumes that one’s opponent is intelligent 
and governs his actions, in response to 
ours, to help his aims and hinder ours. 
But in engineering problems, no such 
condition exists. Nature is not perverse, 
We are merely ignorant of the true situa- 
tion and therefore of the outcome of our 
action. This aspect, the fact that the 
problem of n-person games is not yet 
worked out and similar situations in other 
areas left us without a clear method for 
handling our problems. 

A process of modification and adaption 
from the broad field of statistical decision 
work was used. This has finally resulted 
in what we have called a method of risk 
analysis. This name seemed to describe 
what we were doing and was free of the 
objections made to some other names. 

Now rather than continue in general- 
ities, I’m going to discuss specifically how 
we handle some typical problems. 


Illustration 


For purposes of illustration, I will dis 
cuss a problem which we had to decide 
You are all familiar with the large stor- 
age tanks found around refineries. The 
particular tank in this case was 120 feet 
in diameter and 50 feet high and would 
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hold about 3,500,000 gallons. The re- 
finery where it was located is situated in 
hilly country and the storage tank areas 
require horizontal terraces to be excavated 
in the hillsides to provide the necessary 
level spaces. It is customary in connec- 
tion with such tanks to fill them with 
water in order to test for leaks before 
putting them into petroleum service. In 
this particular case, approximately 1/, of 
the foundation area under the tank set- 
tled excessively during the initial water 
test This happened despite the fact that 
all normal engineering studies which were 
made prior to the erection of the tank in- 
dicated no reason to suspect that this ex- 
cessive settlement would occur. The tank 
was not damaged by the settlement of the 
foundation but was unsafe for service in 
that condition and the foundation had to 
be repaired. 

Technical study of the problem nar- 
rowed the practical corrective steps down 
to these three. (1) Grout-under the tank 
for $30,000, (2) excavate and put in fill, 
$80,000, (3) relocate the tank, $160,000. 
Grouting under the tank is accomplished 
by cutting a hole in the steel tank bottom 


and forcing liquid mud or cement under © 


pressure underneath the bottom until it is 
raised up to the original elevation. If 
the surrounding soil is sufficiently strong, 
this is an effective repair method. In 
order to excavate and put in new fill, the 
tank would have to be moved, the weak 
area of soil excavated, the hole filled and 
fill compacted and the tank replaced. 
Although relocating the tank was rela- 
tively easy, because space was available 
near at hand, the cost would be high pri- 
marily because of the necessity for chang- 
ing piping which was already installed. 
Because no one had expected the settle- 
ment to take place, sufficiently detailed 
Measurements were not made before the 
water test so that definite conclusions 
could be reached as to exactly what hap- 
pened. Soil tests and other studies made 
after the failure were not decisive. Among 
the possible causes of failure were: (1) 
4 poorly compacted volume of soil of 
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relatively limited extent which could be cor- 
rected by the grouting operation described 
above. (2) A shear failure of the soil 
under the tank. If soil is loaded too much 
it fails in shear, that is, a roughly conical- 
shaped plug of earth is pushed down and 
in turn slightly raises the level of the sur- 
rounding ground. Extremely accurate 
measurements are required to determine 
whether this has happened and unfortu- 
nately “before” measurements had not 
been made. It was known from the gross 
weight of the tank and contents that re- 
placement soil could be provided which 
could stand the load. (3) The possibility 
that the settled portion of the foundation 
was actually the beginning of a small land- 
slide. Taking even the worse of these pos- 
sible explanations, i.e., the landslide, it 
was certain that relocating the tank at a 
cost of $160,000 would definitely solve the 
problem because test borings made after 
the failure showed the new site to be com- 
pletely on solid rock whereas the present 
position was not. Although the most ex- 
pensive course was certain to solve the 
problem, either of the two less costly 
methods might also be successful. 

There was also the possibility that if 
the cheapest course were tried and failed, 
enough might be learned from the man- 
ner of failure to indicate a next step dif- 
ferent from those initially considered. 
This second step, of course, might cost 
more or less than the $80,000 estimated 
for the excavate and fill step. 

Note that the problem is completely sur- 
rounded by uncertainty and that there is 
a possibility of taking a “caleulated risk.” 

Taking a “calculated risk” is a way of 
saying that probabilities are being an- 
alyzed and compared. Probabilities are 
analyzed for economic problems in the fol- 
lowing way. Consider only for a moment 
the $160,000 “relocate” and the $80,000 
“excavate and fill” alternatives. A defi- 
nitely satisfactory result could be obtained 
at a cost of $160,000. If the $80,000 ex- 
eavate and fill alternative were tried first 
and failed, the satisfactory correction 
would then cost that $80,000 plus $160,000 
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more to relocate the tank or a total of 
$240,000. Therefore, if the $80,000 first 
step alone were successful one-half the 
time, the average cost of all cases would 
be the same as using the $160,000 alterna- 
tive. Stated differently, a 50-50 chance 
(50% probability) of success for the 
“excavate and fill” course is the break- 
even point. If the chances of the “ex- 
cavate and fill” step succeeding were bet- 
ter than even, then that solution had the 
greatest probability of being the most 
economical selection. It must be remem- 
bered, however, that the theory of prob- 
ability predicts what will happen in the 
“average” case and not in a single case. 

At this point, the next step might ap- 
pear to be that of estimating the respec- 
tive probabilities of the different courses 
being successful and proceeding directly 
to selecting the most economical choice. 
You will find that most real problems are 
so complex that this does not work out for 
two reasons: first, even given the prob- 
abilities, it is impossible to visualize the 
interactions of the various factors without 
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benefit of pencil and paper and algebra, 
Second, the probabilities associated with 
respective alternatives cannot be objec. 
tively established very well and the 
people making the decision must also 
weigh the probabilities which have been 
assumed when they are making the deci- 
sion. Having these principles in mind, we 
can proceed with the analysis. 


Analysis 


The first step in the analysis is to list 
all possible courses of action. Each course 
must include not only an initial alterna- 
tive which might succeed, but can proceed 
through various subsequent steps and end 
with an alternative which is virtually cer- 
tain to succeed. In this problem, the only 
alternative certain of success was to relo- 
cate the tank. (If one of the intermediate 
steps has some likelihood of damaging the 
tank, this is reflected in a greater than 
$160,000 cost for the final relocating 
step.) 

Following out the rule just stated and 
applying what has been stated about the 
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problem of the storage tank foundation, 
it can be developed that there are a total 
of five alternate cases having 23 possible 
courses of action. 

One case, for example, assumes (1) that 
no damage to the tank will be caused by 
the failure of any of the repairs, (2) 
that earlier steps do not influence the cost 
of subsequent steps and (3) that no useful 
information will be gained from watching 
the manner of failure of one of the earlier 
steps, should it fail. For this case, the 
possible courses of action are (A) grout 
and move, (B) grout, excavate and move, 
(C) excavate, grout and move, (D) exea- 
vate and move, (E) move. Note that in 
each ease, any one of the alternatives 
could prove successful and, of course, 
work would be stopped as soon as a suc- 
cessful solution is found. 

Equations for probable costs of the 
different possible course of action in terms 
of the respective probabilities of success 
for the individual steps are then set up. 
Specifically, if G equals the probability of 


the grout step being successful and F 
the probability of the excavate and fill be- 
ing successful, the equation making the 
probable cost of course of action A equal 
to that of B is 30G+190(1—G) = 
30G + 110(F —G) + 270(1—F). This 
equation reduces to 2G —F =1 and the 
graph of this equation is shown on 
Figure 1. 

Combinations of probabilities lying on 
the line are on the break-even point. 
Combinations of probabilities giving 
points to the upper left section indicate 
the B course of action to be preferred, 
and in the lower right, the A to be 
preferred. 

Probable costs of all courses of action 
are similarly equated and the solutions 
are shown in Figure 2. 

Consider Area 1 for a moment. In 
Area 1, B is preferred with respect to A, 
and also B is preferred with respect to E. 
A similar study of the diagram with re- 
spect to each line on it gives preferences 
in the order shown below the chart for 
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Area 1. This preference order can be 
listed as shown in Area 1 on Figure 2. 
By similar reasoning the chart can be 
divided into three areas. These areas 
indicate courses having the odds in their 
favor for all possible combinations of 
probability of success for the alternatives. 

Other cases to be considered include (1) 
when the failure of any course leads to 
high subsequent cost because of damage 
or (2) when failure of one of the courses 
leads to indications that cheaper, or more 
costly, alternatives should be taken rather 
than those originally contemplated. 

The analysis of the five cases and 
twenty-three sub-cases is summarized in 
Figure 3. 

On this composite chart, for example, 
the case which assumes the initial failure 
damages the tank and thereby makes sub- 
sequent steps more costly, requires a 


higher likelihood of success for the grout 
method than do the other assumptions 
This is what would be expected. Sim- 
ilarly, the assumption that observing the 
method of failure of the grout case wil 
suggest a second step less costly than 
the $80,000 excavate and fill step counsels 
for only two choices, i.e., grout or relocate. 
This is to be expected on the basis that if 
the $30,000 course is tried and fails, but 
the observation of the failure suggests 
$20,000 second step, both of these steps 
could be obtained for $50,000 which woull 
certainly be preferable to spending $80; 
000 initially. 

Figure 3 summarizes the economic sit 
uation. When one locates his positio 
on this graph, the preferred course d 
action is clear. 

Unfortunately, dependable estimates 
these probabilities were not available. It 
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is often erroneously assumed that when 
technical questions are involved, esti- 
mates of such probabilities are readily 
available. On the contrary, they are gen- 
erally not available and were not in this 
case either. The problem was to make 
the best estimate taking all things into 
consideration. A chart similar to Figure 
3 was used in this estimating process. 

The line of reasoning was somewhat as 
follows: (1) If grout will succeed, it is 
probably true that only a relatively small 
volume of soil is weak and it can be 
strengthened by the grouting procedure 
and the load will be effectively carried by 
the surrounding soil. If this is true, then 
exeavate and fill will succeed as well. This 
suggests that the area of Figure 3 to the 
lower right of a 45° diagonal line passing 
through the origin contains all reasonable 
situations. 

For a 50-50 chance of grout being sue- 
cessful, the choice is clear for every case 
except the one which assumes damage to 
the tank. Technical considerations of the 
possible manner of failure of grout, how- 
ever, strongly indicate that damage to the 
tank is not likely to occur. 

Note also that if no damage occurs, for 
a 50-50 chance for grout, the decision 
does not depend on whether the proper 
value is 45-55 or 55-45—the split need 
only be better than 1 in 5 in the left por- 
tion of the chart. High probabilities of 
suecess for excavate and fill technically 
implies good probability for grout suc- 
ceeding since high probability for excavate 
and fill would be the consequence of a 
strong surrounding soil which is not likely 
to fail, ie., it is probably not the begin- 
ning of a small landslide. This situation 
would naturally be favorable for a grout- 
ing operation. 

If faith in excavate and fill is rather 
low, it must be on the technical basis that 
extensive soil volume is of questionable 
strength. In this event, the chances in 
favor of grout must be reduced accord- 
ingly. This throws the case into the area 
favoring relocating the tank. 

As can be seen, the use of this type of 
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analysis does not eliminate the need for 
judgment. Reasoning such as above helps 
to clarify one’s understanding of the tech- 
nical situation and specifically indicates 
the economic inter-relationships. It does 
not indicate the values of probabilities 
that should be used. The best available 
technical judgment on these points is still 
an indispensable ingredient. 

What this method does is to calculate 
those things which can be calculated and 
directs judgment at the critical point. 
For example, in this case, the initial tech- 
nical judgment by competent engineers, 
and before seeing this kind of analysis, 
considered the probabilities in favor of 
grout being successful to range from 50% 
to 90%, i.e., some engineers stated 50, 
some engineers stated 90. This seems like 
a large area of disagreement and the vari- 
ous values were strongly supported by 
thoroughly competent technical experts. 
The interesting thing was that even grant- 
ing any one of these values to be correct, 
the preferred course of action was by 
no means clear. 

When, as a result of this type of analy- 


- sis, the economic inter-relationships were 


developed and it was seen that the critical 
point for grout being successful was of 
the order of 20%, the problem assumed 
a different complexion. Whereas the en- 
gineers were not sure exactly what grout’s 
probability was, they were very confident 
and in agreement that it was definitely 
better than 20% and very likely higher 
than 50%. On this basis, the preferred 
course was quite clear and used. Inciden- 
tally, it proved to be successful. 


Other Problems 


The same general kind of analysis has 
been applied to other problems. For ex- 
ample, in another instance we were faced 
with the problem of selecting between two 
designs of equipment. In a large plant, 
a change in process required the modifica- 
tion of two existing plant units. The 
original plant consisted essentially of 
two half-plants in which the units in 
question performed identical functions. 
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In the modified plant, the two units would 
also carry out substantially the same step. 
The problem concerned whether the same 
design should be used in both units or 
whether a different design should be put 
in each. 

The costs of the two types of units were 
practically identical and were less than 
the fixed cost of one month of plant opera- 
tion. The time required to obtain one of 
the units was about eight months. The 
two available designs were quite certain 
of working satisfactorily to some yield 
level. It was not known precisely what 
yield level could be expected from each, 
particularly which of the two was better, 
and a difference in yield of 5% was finan- 
cially sufficient to warrant replacing the 
poorer one. 

The problem was—what to do. 

The initial risk analysis along the lines 
described in this paper finally boiled the 
problem down to understandable propor- 
tions. If the same design were installed 
in both units, it was equivalent to a bet 
of 3 to 2 that we were able to select the 
better design; the use of different de- 
signs in both was taking the opposite side 
of the bet, i.e., betting 3 to 2 that we 
could not select the better design. 

In the light of all pertinent factors, it 
was decided that the better design could 
be selected. Orders were accordingly 
placed for two identical units and the 
matter considered closed. 

Concurrently, laboratory and _ pilot 
plant work was proceeding and recently 
information was developed indicating that 
a design other than the one selected would 
prove to be better. Engineering studies 
developed that the design initially selected 
could be readily modified to the type in- 
dicated by the laboratory work. The 
fabrication schedule was such that one or 
both of the units ordered previously could 
be modified with slight delay to the 
project. 

At this point, it should be stressed that 
both the lab data leading to the original 
selection and the new data leading to the 


different conclusion were not as clear ¢yt 
as this paper may suggest. Time did not 
permit the exploration of all the quite 
obvious technical questions. Neverthe. 
less, new data were available leading to 
different conclusions and time was avail- 
able to make a change. The question 
again was—what should be done. 

The data suggested that two of the 
modified design units should be installed, 
There was no certainty, however, that the 
latest data would not in turn be revised 
in the future. At the same time some 
factors also still indicated the original 
design to be good. 

Again risk analysis, which took into ae. 
count the new economic situation exist- 
ing by virtue of commitments on the initial 
two units, as well as all other items in- 
volved in the plant, reduced the problem 
to understandable terms. To install two 
modified units would take considerable 


risk that the latest data were not correct. | 


Specifically chances of 1 or more in 3 that 
the latest laboratory data indicated the 
incorrect direction of superiority counsel 
for installing one of each rather than two 
of the modified design. Note that this is 
different from the usual requirement that 
lab data show the relative merit quanti- 
tatively. The relationship of pertinent 
costs in this case was such that the key 
question was:—which is better. How 
much better was immaterial to the decision. 

This problem, it might be mentioned, 
is current—so much so that the decision 
has not yet been made. Of interest here, 
however, is the fact that the initial dis- 
cussions about the problem were along 
the conventional confusing lines character- 


_ized by vague discussions of uncertainty. 


The application of the risk analysis tech- 
nique introduced a quantitative way of 
considering uncertainty in terms whieh 
were considerably more familiar to al 
concerned. Whatever the ultimate de 
cision, it will have been made in a clearer 
understanding of the risks and _ their 
effects. 
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Summary 


In summary, we believe that this is a 
useful technique for considering uncer- 
tainty in typical engineering economy 
problems. We have used it in connection 
with six widely different problems. In 
each it has been of use in translating the 
uncertainty in the situation into under- 
standable terms frequently with some com- 


parison to familiar experience. Risk 
analysis requires engineering competence, 
understanding of sound economie prin- 
ciples and ability to synthesize these ele- 
ments into a composite story suitable to 
the problem at hand. We believe this type 
of analysis will prove of increasing value 
in industrial applications and has a place 
in the teaching of enginering economy. 
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REPORT OF THE SECRETARY, 1954-55 


Projects 


1. Evaluation of Engineering Educa- 
tion. The Interim Report presented last 
year has been revised to reflect the 
comments of the institutional committees 
which studied it in detail. The final re- 
port of the committee will be presented 
at this year’s Annual Meeting and copies 
will be available to those attending the 
meeting. The completion of this project 
was made possible by additional grants 
of considerable magnitude by the General 
Electric Company and the United Engi- 
neering Trustees, Inc. The society 
greatly appreciates their continued sup- 
port. 

2. Humanistic-Social Research Project. 
A preliminary report is to be presented 
at the Annual Meeting and the final re- 
port will be completed and published in 
the Fall. This report on what actually 
is being done at some institutions should 
be a valuable supplement to the report 
on Evaluation of Engineering Education. 

3. Educational Aids. The booklet has 
been printed and is available from the 
Seeretary’s Office for $1.00 per copy. 
About 500 of the 2000 copies printed have 
been sold. 

4, ASEE-NSF Conferences. As a result 
of the two successful Summer Institutes 
of last year, three ASEE-NSF jointly 
sponsored conferences were held. Each 
of these two-day closed conferences of 
about twenty-five leaders in various fields 
of engineering, as well as from mathemat- 
ies and physics, was financed by the Na- 
tional Science Foundation. The program 
and personnel invited also were developed 
with their close cooperation. The report 
on each of these conferences is in the May 
issue of the Journal of Engineering 
Education. The findings of each of these 
conferences are the bases for open discus- 
sion meetings at the Annual Meeting, or, 
in the case of thermodynamics, the con- 
ference following the Annual Meeting. 
The conferences were all held in February 
and are as follows: 


Mechanies—Physies 

New York University 
Electricity and Magnetism 

Lehigh University 
Thermodynamics 

Purdue University 


The Society is deeply indebted to the Na- 
tional Science Foundation for its great 
interest and cooperation in organizing and 
sponsoring these conferences as well as 
for its financial support. 

5. Graduate Study Project. The ad 
hoc committee on the preparation of the 
Graduate Study Project has proceeded 
with its plans for an extensive study of 
graduate work. The program submitted 
centers on “Current Problems of Graduate 
Education in Engineering.” Five prob- 
lems have been agreed upon and briefly 
may be stated as being: 


(1) Since high level industrial employ- 
ment profoundly affects the caliber 
of students entering graduate 
schools, is a cooperative program 
between universities and industries 
indicated to assure the nation an 
adequate supply of graduate engi- 
neers? 

(2) The effect of sponsored research - 
and research fellowships on the de- 
velopment of student initiative and 
leadership. 

(3) Part-time programs at the graduate 
level, flexibility and standards. 

(4) When and under what conditions 
can an institution effectively under- 
take graduate work? 

(5) The scope and breadth of graduate 
work, particularly for men already 
employed in industry. 


A budget is now being submitted to the 
Executive Board along with proposals for 
financing. 

6. Theoretical Engineering. The ad 
hoe planning committee under the chair- 
manship of Dean F. C. Lindvall has pro- 
ceeded in accordance with its instructions 
of last year. A conference with repre- 
sentatives of the National Science Founda- 
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tion will be held at the Annual Meeting. 
It is contemplated that the closed confer- 
ence be at the California Institute of 
Technology and the open conference at 
the University of Michigan. 

7. Summer Schools. The Society is 
sponsoring two Summer Schools and one 
Conference this year. All are being held 
at The Pennsylvania State University and 
are as follows: 


English Division—‘Communication : ex- 
periment and experience” 

Chemical Engineering Division— 
“What’s ahead in chemical engineer- 
ing education?” 

Thermodynamics Conference—‘Devel- 
opments in thermodynamics having 
an impact on engineering, technology, 
science and teaching.” 


The Society cooperated with these projects 
by publishing a brochure and mailing it to 
some five hundred deans, directors, ete. 
and in other miscellaneous ways. 

8. YET Activities. Interest in the YET 
program has continued, even though no 
specific charge such as conducting a mem- 
bership campaign was assigned them. 
Thirteen of the sixteen sections submitted 
papers in the contest. This year, the win- 
ning papers will be read at the Annual 
Meeting and all thirteen papers are being 
submitted for possible publication in the 
JOURNAL OF ENGINEERING EDUCATION. 


Membership 


The individual membership in the So- 
ciety has continued to increase. The num- 
ber listed in the 1955 Yearbook is 7560 
whereas it was 7095 in 1954 and 6875 in 
1953. At this year’s Annual Meeting, 15 
members are being recommended for life 
membership; 250 have resigned, 42 have 
died, 99 are more than two years delin- 
quent in dues, and 917 have not paid their 
dues for the year despite receiving three 
dues notices. The last figure seems to be 


much greater than in past years and must 
be reflected in next year’s budget. 

After the concentrated effort of the 
past two years it was thought desirable 
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not to push Institutional membership; jn. 
stead it seemed advisable to observe the 
stability of the recent growth. The 1955 
Yearbook lists 112 such members, whereas 
96 were listed in 1954 and 35 in 1953, 
During the year two dropped their mem. 
bership and ten have not paid this year's 
dues. The active support of this type of 
membership is desirable and the comnit- 
tee will renew its promotional activities 
next year. 

The number of Active and Affiliate In- 
stitutional Memberships. also has increased 
slightly. The yearbook figures for the 
former are 29 for 1955, 28 for 1954, and 
27 for 1953. The Affiliate totals are 29 
for 1955, 28 for 1954, and 27 for 1953. 


Relation with Industry Division Meetings 


The Relation with Industry Division 
and the Iowa Engineering Society held 
a “College Industry Conference” at Des 
Moines, Iowa in March. About four hun- 
dred attended the various sessions devoted 


to a discussion of current problems facing — 


the engineering profession, especially as 
they affect the young engineer and his 
development and progress in industry. 
This important division, linking ASEE 
closely to industry, has as the theme for 
its Annual Meeting program “How Do 
We Compare Scientifically with the Peo- 
ple Behind the Iron Curtain?” The pres- 
entation will cover the legislative matters 
affecting the training and utilization of 
scientific and engineering manpower in 
this country and in Russia, and the qual- 
ity and quantity of the scientific and en- 
gineering education in the two countries. 


Division Publications 


Last year’s report of the Secretary 
listed the publications of the Divisions, 
recognized their value, and gave credit to 
their editors. The publication of such 
periodicals is becoming increasingly diffi- 
cult, at least in two instances, because of 
the withdrawal of the support which en- 
ables them to be provided to all members 
of the Division at no cost. Present pub- 
lications and the editors are: 
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Civil Engineering Bulletin 
A. A. Brielmaier, Washington Univer- 
sity 
Chemical Engineering Transactions 
A. H. Cooper, University of Maryland 
Heat Power News and Views 
J. 8. Doolittle, North Carolina State 
College 
Journal of Engineering Drawing 
W. J. Luzadder, Purdue University 
Machine Design and Manufacturing 
Process Bulletin 
E. E. Day, University of Washington 
Mechanics Bulletin 
A. W. Davis, Iowa State College 


Cooperation with Other Organizations 


During the year the ASHE continued 
its active participation in the affairs of 
the Engineers’ Joint Council, Engineers’ 
Council for Professional Development, 
ete. Dean Thorndike Saville again served 
as President of EJC. The Society is 
cooperating with Lehigh University, the 
American Institute of Steel Construction, 
and the American Society of Civil Engi- 
neers in sponsoring a summer course, 
“Plastic Design in Structural Steel,” to 
be held at Lehigh University, September 
7-15, 1955. The Society provides no 


financial support. 
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By virtue of its membership in Engi- 
neers Joint Council the Society is instru- 
mental in EJC’s planning of the Nuclear 
Engineering and Science Congress to be 
held at Cleveland, Ohio, December 11-17, 
1955. Twenty-four organizations with a 
total membership of 250,000 will par- 
ticipate and almost 200 papers have been 
submitted for presentation. The purpose 
of the Congress is to discuss the pressing 
problems of nuclear engineering and the 
related sciences, with emphasis on the in- 
dustrial usefulness of atomic power. 


ECAC and ECRC 


The activities of these organizations 
are reported separately in this issue of 
the Journal. 

It is only appropriate to acknowledge, 
in closing, the whole-hearted and unselfish 
cooperation given the new Secretary and 
the new office staff by former Secretary 
A. B. Bronwell, former Executive Office 
Seeretary Miss Marion Strohm, and As- 
sistant Secretary C. E. Watson. We are 
all grateful for their aid in helping us 
overcome some trying situations. The 
patience and courtesy of President N. W. 
Dougherty is also greatly appreciated. 


Respectfully submitted, 
W. Leiguton Cou.ins, Secretary 


ie 


Report of the Vice President, Leo J. Lassalle, in 
Charge of Instructional Committees and 
Divisions For the Year 1954-55 


On June 15, 1954, at the Annual Meet- 
ing of the ASEE in Urbana, Illinois, I 
was elected Vice President of the ASEE 
in charge of committees to succeed Vice 
President W. C. White. Vice President 
White was very helpful to me in outlin- 
ing the duties and responsibilities of my 
new position, and I wish to thank him 
for this valuable and willing assistance. 

On July 12, 1954, the new President 
of the ASEE, Dean N. W. Dougherty, 
of the University of Tennessee, called the 
then Secretary, Prof. A. B. Bronwell of 
Northwestern University, and me to a 
meeting at his office in Knoxville, Ten- 
nessee, for the purpose mainly of con- 
sidering the selection of chairmen and 
members of the various committees of the 
ASEE. 

We met all day and agreed upon the 
main appointments. Necessarily, certain 
details had to be left to the Secretary and 
President for further correspondence, dis- 
cussion and decision. However, as the re- 
sult of the meeting, the present commitees 
were named and have been functioning 
efficiently, as indicated by the work they 
have done in planning the Annual Meet- 
ing at The Pennsylvania State University. 

The Executive Board of the ASEE met 
in New York City and transacted the 
business of the agenda. See agenda and 
minutes of this meeting for details of this 
meeting which was held September 11, 
1954. 

On October 27-29, 1954, The Executive 
Board as well as the ASEEK Committee 
on the Annual Meeting met in Cincinnati. 
These meetings coincided with the ECPD 
at the same time and place. The business 
transacted is detailed by the agenda and 
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the minutes of the meeting at the Hotel 
Alms, Cincinnati, on October 27-29. 

Prior to the above meeting, and after 
it, the Executive Board was confronted 
with the impending resignation of the 
very able, experienced and efficient Seere- 
tary of the ASEE. The fact that he was 
resigning to accept the presidency of the 
Woreester Polytechnic Institute made us 
proud of him, but it did not lessen the 
gravity of the problem of selecting his 
suecessor and the dislocation caused by 
the change. 

President Dougherty took all necessary 


steps, with the aid of the Executive Board, - 


to set in motion the necessary machinery 
for the selection of a new Secretary. 
Among other actions, he addressed a 
letter to the deans of the various engineer- 
ing schools that are institutional members 
of the ASEE and to others, asking for 
their suggestions and assistance in the 
selection of a new Secretary. By this 
method, and after additional meetings of 
the Executive Board and committee ap- 
pointed by them, we were very fortunate 
in securing the services of Prof. W. Leigh- 
ton Collins, of the College of Engineering, 
University of Illinois, as Secretary. 

Our thanks are certainly due to Dean 
W. L. Everitt for his assistance in work- 
ing out the many details of this appoint- 
ment, as well as to Professor Collins for 
accepting this difficult assignment. 

On November 16-18, 1954, the Execu- 
tive Board met in Washington, D. C. on 
the oecasion of the Annual Meeting of the 
Association of Land Grant Colleges and 
Universities there. 

We again considered many matters a8 
indicated by the agenda and the minutes 
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of this meeting. This was the last time 
we were to meet with our past Secretary, 
Prof. A. B. Bronwell, in charge of details 
and arrangements. He assumed the pres- 
idency of Worcester Polytechnic Institute 
o Feburary 1, 1955 and Professor Col- 
lins assumed the secretaryship then. 

On March 26, 1955, I attended the An- 
mal Meeting of the Missouri-Arkansas 
Section of the ASEE as representative of 
the Executive Board and I was the main 
speaker at their banquet. I brought the 
greetings of the Executive Board and 
spoke on “The American Society for En- 
gineering Education and its Work in the 
Years Ahead.” 

On April 15, 1955, the Executive Board 
net in Knoxville, Tennessee in President 
Dougherty’s office on the occasion of the 
Annual Meeting of the Southeastern Sec- 
tin of the ASEE at the University of 
Tennessee. This was our first Executive 
Board meeting with Professor Collins as 
Seeretary of the ASEE; and he demon- 
strated that he had been well-tutored by 
the outgoing secretary and that he was 
an apt pupil, by presenting the Executive 
Board with the usual well-prepared 
agenda and by assisting us in transacting 
the business presented to us. 

At this meeting, among many other ac- 
tions as shown by the agenda and the 
minutes of the meeting, we elected Prof. 
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Lisle A. Rose as Editor of the Journal of 
Engineering Education and Public Rela- 
tions Director of the ASEE to succeed 
Prof. C. E. Watson, who necessarily had 
to resign this position, due to the fact that 
the Editor and Secretary cannot function 
properly in their related duties unless 
their offices are located close to each 
other. 

Prof. Lisle A. Rose was to assume office 
on July 1, 1955. We, as well as his many 
other friends, were shocked and grieved 
by the sad news of his sudden death before 
he was able to assume his new position. 
The ASEE has suffered a great loss as 
Professor Rose was an able and inde- 
fatigable worker, who possessed the rare 
combination of ability and enthusiasm 
that would have made him a great editor 
of the JouRNAL OF ENGINEERING Epuca- 
TION, but for his sudden death. I can 
only join, in an inadequate manner, in 
expressing to his family and friends my 
sincere sympathy. 

The work of the many committees and 
of the outgoing and incoming secretaries 
and their staffs can best be shown by the 
reports of the activities and by the meet- 
ings planned and held here at The Penn- 
sylvania State University in connection 
with the 63rd Annual Meeting of the 
American Society for Engineering Educa- 
tion. 


Annual Report of Vice President, B. R. Teare Jr., 
in Charge of Sections and Branches 
June 17, 1955 


The Sections and Branches of the 
American Society for Engineering Edu- 
cation have had another healthy, vigorous 
year. Their programs have been stimulat- 
ing and well attended as I know from 
first-hand observation at the meetings in 
vhich I have participated. 

_ As T reported last year, I have been giv- 
lg much thought as to how the various 


subdivisions, Sections, Branches, Divi- 
sions, Committees, and so forth, of the 
Society best can be integrated with each 
other, and how the totality of subdivisions 
best can serve the individual member- 
ship of the Society. We may think here 
of two kinds of service: one, originating, 
developing, and formulating ideas that 
will advance engineering education; and 
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the other, communicating them with pene- 
trating discussion and criticism through- 
out the Society. The development of ideas 
can and should occur in every subdivision 
of the Society; indeed, Divisions and Com- 
mittees are organized expressly for this 
purpose, and the various topics of inter- 
est to the Society are apportioned among 
them. On the other hand, Sections and 
Branches are free to consider ideas of 
any kind, ideas that may also lie within 
the province of any one or of several of 
the Divisions and Committees. 

Sections play a very important role in 
the Society structure by providing excel- 
lent opportunities for the communication 
and discussion of ideas, supplementing 
the national meeting. This needs rein- 
forcement because it is limited in duration 
and because sessions compete with one an- 
other. A Division or Committee program 
often cannot reach all members of the 
Society that are interested; some are not 
able to come to the annual meeting, and 
those who do cannot be in two sessions at 
once. Sections, however, provide excel- 
lent alternative channels of communica- 
tion. Their programs can be organized 
around fewer topics which lessens con- 
flicts. Also, in most instances, the Sec- 
tion is small enough so that travel to its 
meetings is not as difficult as to the na- 
tional meeting, and yet the Section con- 
tains enough different institutions, 5 to 
22, to provide a stimulating diversity of 
point of view. 

Thus, if the communication of ideas 
within the Society is to be improved, and 
many members feel that this would be 
desirable, one method of doing so is by 
working through the Sections. It may be 
that ways can be found to increase the 
already good attendance at Section meet- 
ings, and reach more members who do not 
attend the national convention. Also, I 
think that the Section programs to a 
greater extent than now can be directed 
toward the dissemination and discussion 
of matters that are of current interest to 
the Society as a whole. In my contacts 


with Sections I have been urging an jn. 
creased cooperation between Sections and 
Divisions to this end. More often than js 
done now a Section might choose one or 
two Divisions to help plan and put on its 
meeting. The Divisions called upon would 
probably be one like Educational Methods, 
Graduate Study, Relations with Industry, 
or others; that is, of the kind that are the 
concern of more than one major braneh 
of engineering. Alternatively, a Section 
might call upon a Committee that is work. 
ing on a major Society project. The Di- 
vision or Committee would assist the Sec. 
tion in planning the program, but the 
actual participants might well be member 
of both groups. 

Such cooperation is to the advantage 
of both the Section and the Division. The 
Section gets help with its programs, and 
these are kept within the main channels 
of Society thinking. The Division has 
the opportunity of reaching more men- 
bers, and this means more discussion and 


criticism to aid in the development of 


ideas. 

A few Sections are so large, with dis 
tances between institutions so great, that 
attendance at meetings seems quite exper- 
sive. It has been suggested that consié- 
eration should be given to boundary 
changes that would reduce distances tok 
traveled. However, in several discussions 
I have held with the officers of large 
Sections it has seemed clear that in spite 
of present disadvantages there is littl 
sentiment in favor of a change. To fort 
a change is unthinkable; our tradition’ 
to give the Sections fullest autonomy it 
all their affairs. 

In the last few years many industria 
organizations have joined the Society # 
associate members, in part as the resilt 
of a successful membership campaigt. 
Such members may be distinct assets to 
Sections and Branches, but only if the 
are included in Section and Branch 4 
tivities. This would be desirable from 
both the local and the national points d 
view. 
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During the year, in the course of revis- 
ing the constitution of the Upper New 
York Section, it was pointed out that 
Article IX, Section 3, of the National 
Constitution may need revision. Here the 
Constitution states that 


“Section 3. Papers and discussions pre- 
gented before Sections or Branches shall be 
the property of the Society and may be pub- 
lished as Society proceedings if authorized 
by the Publication Committee. Permission 
to publish such papers and discussions else- 
where may be granted by the Executive 
Board of the General Council on condition 
that the Society receives proper credit.’’ 
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This mandate may not be completely en- 
forceable because in some cases a Section 
or Branch may invite a distinguished man 
to appear on a program and may not feel 
that it is in a position to claim his paper 
as Section or Branch property. The mat- 
ter has been referred through the Execu- 
tive Board to the Committee on Constitu- 
tion and By-Laws. 

It has been a great pleasure to be asso- 
ciated with the able officers and members 
of Sections, and I gratefully acknowledge 
their help in carrying out my duties, also 
the splendid cooperation of our national 
headquarters. 


Annual Report of the Chairman, Harold K. Work, 
of the Engineering College Research Council 


June, 


During the past year, the Engineering 
College Research Council has continued 
to work on the various problems facing 
engineering schools, doing sponsored re- 
search. The basic problem has been ap- 
proached in various ways, which are de- 
tailed as follows: 


Publications 


A new edition of “Review of Current 
Research and Directory of Member Insti- 
tutions” has been prepared and will be 
available early in July. This booklet 
should be valuable to all of our member 
institutions, to individual faculty mem- 
bers, and to sponsors who are trying to 
locate and evaluate institutions for han- 
dling their research. The Secretary of the 
ECRC, Mr. Renato Contini, has been re- 
sponsible for this publication. 

A committee under Erie A. Walker has 
ben working on the preparation of a 
bok on “Creativity in Research.” They 
awe using as source material a group of 
papers presented at various symposia and 
meetings sponsored by the ECRC. In 


1955 


addition, some special solicited papers 
may be included. The available material 
is now being evaluated by a publishing 
house. 

The Committee on Relations with Fed- 
eral Government Agencies under R. J. 
Woodrow has prepared a brochure entitled 
“Sponsored Research Administration.” 
This is an excellent handbook, covering 
many problems of interest to the research 
administrator. It will be published and 
distributed to member institutions. Pro- 
vision may also be made to make it avail- 
able to others. 


Relations with Federal Government 
Agencies 


The Committee on Relations with Fed- 
eral Government Agencies under R. J. 
Woodrow has continued to be one of our 
most important and active committees. 
The Committee has considered a variety 
of subjects and a brief resumé of such 
activities will be given here. 

Overhead and direct cost of research 
conducted for the Government are being 
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studied by the committee. A problem 
exists with the Department of Health, 
Education and Welfare and others, who 
do not want to cover the full cost of the 
research. The Committee will continue 
to press for a single standard of payment 
for research in which research costs are 
fully reimbursed above the lines of the 
Mills formula. 

A regulation promulgated and distrib- 
uted by the Department of Commerce 
which imposed severe limitations on engi- 
neering schools in the performance of 
their functions in education and research 
was the subject of considerable concern. 
Through the activities of the committee 
the regulations were redefined in such a 
way that it minimized the objectionable 
features as far as educational institutions 
were concerned. 


Relations with Industrial Research 
Agencies 


The Committee on Relations with Indus- 
trial Research Agencies under 8. T. Car- 
penter continued to maintain relationships 
with those organizations most concerned 
with industrial research. These included 
the Research Committee of National As- 
sociation of Manufacturers and the In- 
dustrial Research Institute. An attempt 
was made to arrange a regional confer- 
ence with NAM but this did not mate- 
rialize. 

As a part of the annual program the 
committee arranged joint sessions with the 
Graduate Studies Division on subjects of 
interest to industrial research people as 
well as engineering research people. 


| Awards 


At each ASEE Annual Meeting a series 
of awards is given for various educational 
activities but there is no award specifically 
aimed at the stimulation and improve- 
ment of engineering research. A Com- 
mittee was set up under the chairmanship 
of R. J. Martin to determine whether or 
not such an award was desirable. This 
was decided in the affirmative and the 
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committee is now trying to define they 
ture of the award and arrange for 
financing. It is the intention to annom 
at the 1955 annual meeting that suchy 
award will be initiated in 1956. 
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The Committee on Basic Reseanif est of ¢ 
which was originally set up to help tpi 
National Science Foundation in its @ 
gineering research activities, has be 
dropped as its services are no long 
needed. 


Research Administration 


Basic Research 


more or 
Four 
were hel 


Many of the problems in the admin ill 


tration of sponsored research are not « 
ered by our present committees. Fora 
ample, the excellent salary analysis 

cently prepared by Virgil E. Neilly woul 
fall in this category. It was decid 
therefore, that a committee was neeid 
on research administration which mig 
study various problems in research, sui 
as (1) overhead costs, (2) security: 
quirements and (3) extra salary payment 
for staff members engaged in classili 
research, etc. R. A. Morgen was 4 


Enj 


pointed chairman of the Committee a Ex 
selected as his first project, the study@® This y 
how research personnel, in various ™ one mee’ 
search organizations, are handled in i 1954, du 
matter of tenure, fringe benefits and# ings at 
forth. The Committee is also consid 1955 An 
ing a study of standardization of repo lined anc 
dled by 
Program for the National Meeting f meeting 
of Exeet 
The program committee under | XVII of 
chairmanship of R. G. Folsom has 
veloped an interesting program. In 
to be certain that people interested in bi sjvania 
education and research would find som for 1955. 
thing of interest in the program, the g 
eral session involves relationships betwé 
the two. Three eminent speakers, two At the 
which are engineering school presidé meeting, 
and the third a corporation presidé™ tee was | 
have been secured. W. G. V 
Another joint dinner has been arratgm gen; E. 
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Vice President of the Radio Corporation 


of America, will be the speaker. 

Two joint, open sessions have been ar- 
ranged with the Graduate Studies Divi- 
sion. It is felt that the combination of 
our activities with those of other com- 
mittees should be encouraged in the inter- 
est of converting small competing meet- 
ings into better joint meetings. 

As is customary, a closed session will 


wh be held at which the various problems of 
xf ECRC members will be discussed on a 


more or less confidential basis. 

Four executive committee meetings 
were held during the course of the year 
as well as numerous committee meetings. 
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Nominations 


The Nominating Committee under the 
Chairmanship of Frank W. Dawson pre- 
sented names to replace the following of- 
ficers who are retiring: 


R. A. Morgen 
F. C. Lindvall 
G. R. Town 


Those nominated by the committee and 
elected by the ECRC representatives are 
as follows: 

K. F. Wendt 

T. J. Killian 

H. W. Barlow 


Annual Report of the Chairman, 
William L. Everitt, of the 
Engineering College Administrative Council 


July 1, 1954— 


Executive Committee Meetings 


This year the Executive Committee held 
one meeting which was on November 17, 
1954, during the Land Grant College meet- 
ings at Washington, D. C. At this, the 
1955 Annual Meeting program was out- 
lined and matters were subsequently han- 
dled by correspondence. Minutes of this 
meeting were circulated as Appendix I 
of Executive Committee Bulletin Number 
XVII of May, 1955. 

A luncheon meeting of old and new 
members was held on June 23 at Penn- 
sylvania State University to discuss plans 
for 1955-56. 


Nominating Committee 


At the November Executive Committee 
meeting, the following nominating commit- 
tee was appointed by Chairman Everitt: 
W. G. Van Note, chairman; R. A. Mor- 
gen; E. W. Schilling and C. L. Wilson. 
Balloting on the slate proposed by the 


July 1, 1955 


nominating committee resulted in the fol- 
lowing elections for a term of two years: 


Chairman, W. T. Alexander 

Secretary, R. A. Morgen 

Executive Committeemen, H. E. Wess- 
man and J. R. Cudworth 


Military Affairs Committee 


In June this committee was requested 
by the ASEE Committee on Evaluation to 
make a survey of the ROTC situation, 
particularly with regard to net gradua- 
tion credits earned through ROTC. 

All deans of engineering were can- 
vassed in September to determine (1) 
credit being granted for ROTC courses, 
(2) educational value of advanced courses 
in opinion of engineering educators, (3) 
experience with “General Military Sci- 
ence” where conversion from “Branch 


Material” programs had oceurred. A 
complete report of this study will be pub- 
lished in the JourNaL. This study indi- 
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cates that an average of 14.3 credit hours Administrative Engineering Sec 
is allowed toward the B.S. degree. Fig- 5. Operations Engineering : 
ures published by the Army in February, 6. Supervisory Engineering ; A 
1955 show slightly higher figures of 15.9 7. Sales Engineering = a . 
1g 
eredit hours. “The labels here attached to the seven } tention h: 


In March, 1955, the chairman requested groups do not necessarily conform to nor 
a statement of Army policy toward con- ya] engineering usage. . . . The groups | Guidan 
version of ROTC units from Branch Ma- ane defined by the ranking-in-importane } direct mc 
terial to Branch General from General of the unit activities, and these ranks aly } into the 
P. F. Linderman, Chief, Army Reserve define the labels as far as the present con- | neering 
and ROTC Affairs. General Linderman text is concerned. Any reader who dis. | pand the 
replied, “The choice between the two agrees with one or more labels is free to | associatic 
programs continues to be voluntary on substitute on his own, without otherwise | alumni g 


the part of the institutions concerned.” affecting the results or discussion,” said } technical 
Dr. D. R. Saunders. In the 

Selection and Guidance Committee Preliminary work indicated two main should te 
The two major projects of this eommit- conclusions : a guidane 


tee for the year were: 1. “The difference among engineering } the actus 
jobs, for engineers having five to seven } tion in ¢ 
: : years of post graduation experience, are } the existi 
search — carried on by the Edu-  inych greater within companies than be- | general t 
cational Testing Service to develop — tween companies.” pineering 

a Teg test for engineering 2. “The differences as observed in on } could su 
company tend to parallel the differences 

: pecifie i 

2. To develop a list of books germane gg observed in another company, although | this con 


to engineering and suitable for the ot ah fenstional 
guidance of high school students. every consider 


1. To maintain contact with the re- 


such a gt 
Placement Test Research. This project Early in 1955, after preparation ani] Future 
has continued from a start last year evaluation of the test battery the tests | These cl 
under the sponsorship and with the co- were administered to 1929 young engi- | and have 
operation of five companies: The Bell neers at 50 locations in the U. S. and | that the 
Systems, Detroit Edison, B. F. Goodrich, Canada. From the 1929 engineers tested, | shools be 
IBM and Westinghouse. The hope that 800 were included in a sample for analy: | ip egopey 
other companies would participate has and a total of 56 scores were obtain | 77:77, 
not yet materialized. A more detailed from each. Mathema 


ieee In view of the relatively high levels of ; 
progress report on this research was made confidence and sthtisticel study 


at the June 20 ASEE Gene ral Session. served in the scores, a cross validation volved 
After study, the initial division of it) an additional sample is not highly nationwic 
young engineers four to seven years after important. oped by 
graduation into Research, Design, Manu- Preliminary inspections suggest that | Program 


facturing, Sales and Supervision was the tests can differentiate functions ger- } ‘infor 
abandoned in favor of the following fune- erally, predict success ratings generally, | Coper 


tional groups: or predict membership or success in pat- Only har 
ticular functions. superior 
Technical Engineering Further work is progressing to produc f schools, 
1. Research Engineering the last battery that can be made available | tion and 
2. Applications Engineering for testing newly hired engineers. elevating 
3. Design Engineering A book list, prepared previously, Ww’ } with a re 


4, Product Engineering discussed on a June 21 committee meeting: | instructic 
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Secondary Schools Committee 


This committee has continued its efforts 
further to improve the study of college- 
high school cooperation. Particular at- 
tention has been directed to the following: 


Guidance. There is continuing need to 
direct more and better prepared students 
into the colleges of engineering. Engi- 
neering schools should continue and ex- 
pand their guidance work through direct 
association with secondary schools, through 
alumni groups, and in cooperation with 
technical societies. 

In the opinion of this group, ASEKE 
should take an active part in preparing 
aguidance book which would tell more of 
the actualities of an engineering educa- 
tion in college. This would supplement 
the existing pamphlets, and be written in 
general terms for distribution through en- 
gineering schools. Individual schools 
could supplement the basic guide with 
specifie information about their schools. 
This committee recommends that ASEE 
consider supporting a project to prepare 
such a guidance booklet. 

Future Engineer’s of American Clubs. 
These clubs exist in some high schools 
and have much merit. It is recommended 
that the formation of these clubs in high 
schools be promoted by engineering schools 
in cooperation with the technical societies. 

High School-College Articulation in 
Mathematics and Science. Considerable 
study indicates that the extreme difficulty 
involved precludes establishment of a 
nationwide program. It must be devel- 
oped by the schools in each state. This 
program is well developed in Illinois and 
the information is available to other states. 

Cooperation with Secondary Schools. 
Only harm can result from a critical and 
superior attitude toward the secondary 
schools. A program of friendly coopera- 
tion and helpfulness is the only hope of 
devating the secondary school standards, 
with a resulting elevation of the level of 
instruction in the engineering schools. 
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Industrial Scholarship Committee 
(ad hoc) 


At the 1954 meeting for Institutional 
Representatives, the following vote was 
passed: “The Chairman appoint an ad 
hoc committee to investigate the propriety 
and necessary mechanism for ASEE to 
act as a clearing house for industrial 
scholarship funds.” 

In compliance with this vote, Dr. R. A. 
Morgen was appointed chairman and pre- 
liminary investigations are in progress. 
This committee made a detailed report 
at the Annual Meeting. 


Manpower Committee 


A definite report is difficult as major 
legislation affecting manpower was held 
up in the House of Representatives. 
Widespread sentiment for more selective 
processes in induction and utilization by 
armed forces waits for final word from 
the Congress. 

The Selective Service situation appears 
to be unchanged, including a tightening 
of graduate deferment requirements. The 
ROTC situation is unclear, but the pro- 
gram seems stabilized numerically, and 
may have more technical flavor. 

In currently proposed legislation, it is 
provided that men educated in critical 
disciplines will be able to enter their 
specialty after six months of military 
training and service as compared to the 
present 24 months requirement. 

Inereasingly widespread awareness of 
the importance of technology and recent 
information concerning education in Rus- 
sia should result in better utilization of 
specialized talents for the common good. 

ASEE should continue full support and 
assistance to the Engineering Manpower 
Commission. A recognized spokesman 
for engineering is and has been of signal 
importance. 


Foreign Operations Administration 
Committee 


This committee was formed to advise 
and assist the Foreign Operations Admin- 
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istration as needed, particularly in per- 
sonnel matters, 

Although the chairman has met with 
Dr. Andrews of FOA several times and 
certain committee members have served 
individually, FOA has increasingly econ- 
tracted its technical, educational, and re- 
search problems with a broad group of 
universities. Consequently, the commit- 
tee, as such, has not been asked for assist- 
ance during the year. 

In view of this situation, it is recom- 
mended that this ad hoc committee be dis- 
continued and its functions transferred to 
the International Relations Committee. 


International Relations Committee 


In general the work of this committee 
has been directed to contacting as many 


educators from other countries who might 
be in this country at the time of the Ap. 
nual Meeting as is possible. Also to he 
sure that they will be warmly welcomed if 
they attend the ASEE meeting. 

In many cases opportunities for buili- 
ing good will are lost through the lac 
of a special effort to be hospitable to 
educators from other lands. The impres. 
sions gained from personal relationships 
last for many years and can do much good 
or much harm. 


News Bulletins 


ECAC Executive Committee Bulletins 
were circulated to the membership and 
to the ASEE officers and council members 
twice during the year. 


ASEE Meetings at Michigan State University 


Executive Board, Sunday, November 13, dinner meeting at 6 p.m. 


General Council, Monday, November 14, dinner meeting at 6 p.m. 


ECAC Executive Committee, Tuesday, November 15, breakfast meeting 


at 7:30 a.m. 


ECRC Executive Committee, Tuesday, November 15, luncheon meeting 


at noon. 
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Report of the Resolutions Committee 
June 23, 1955 


The Committee on Resolutions recom- 
mends the adoption by the Society of the 
following statement : 


The American Society for Engineering 
Education wishes to express its sincere 
thanks to the many people who have gen- 
erously contributed so many thousands of 
man and woman-hours of intelligent plan- 
ning and devoted work toward making 
this, our 63rd Annual Meeting, one of the 
most notably successful and enjoyable in 
our history. 

Our thanks are extended to the national 
and divisional officers and committees, the 
General Council, the Administrative and 
Research Councils, and the many speakers, 
all of whom have taken time out of busy 
lives to freely and generously render in- 
valuable services to the Society. 

Especially, we wish to express our most 
sincere appreciation to the members of 
The Pennsylvania State University Branch 
of The American Society for Engineering 
Edueation, their wives and their children, 
who have been responsible for the local 
arrangements which have contributed im- 
measurably to the smooth operation of all 
segments of the program, and to our com- 
fort and convenience. 

The efficient and painless registration 
process, the more than adequate provi- 
sions for our housing and sustenance, the 


entertainment features provided for us, 
and for our wives and our children, and 
the eagerness with which our needs and 
desires have been met, all combine to 
create a warm spot in our hearts for 
Penn State. 

We are grateful to the University for 
inviting us to participate in its One Hun- 
dredth Anniversary celebration. We con- 
gratulate the University on her achieve- 
ments during her first hundred years, and 
predict that the next hundred years will 
be equally successful. 

The American Society for Engineering 
Edueation hereby directs that this state- 
ment be spread upon the official minutes 
of the Society, and that copies be sent to 


President Milton §. Eisenhower 

The Pennsylvania State University Branch 
of The American Society for Engineer- 
ing Education 

Dean Eric A. Walker 


Committee: FRANK GROSECLOSE, 

Georgia Institute of Tech- 
nology 

FRANK KEREKES, 

Michigan School of Mining 
and Technology 

Henry H. Armssy, 

(Chairman) U. S. Office of 
Education 


Journat or ENGINEERING Epucation, Oct., 1955 


Officers of Divisions, Sections and Committees 
1955-56 


DIVISIONS 


AERONAUTICAL: J. W. Hoover, Chairman, 
University of Florida 

AGRICULTURAL: F. A. Kummer, Chairman, 
Alabama Polytechnic Institute 

ARCHITECTURAL: L. A. Richardson, Chair- 
man, Pennsylvania State University 

CHEMICAL: H. P. Simons, Chairman, West 
Virginia University 

CiviL ENGINEERING: R. L. Peurifoy, Chair- 
man, A. & M. College of Texas 

COOPERATIVE ENGINEERING EDUCATION: R. 
G. Owens, Chairman, Illinois Institute of 
Technology 

EpucaTIONAL METHODs: F. 
Chairman, Duke University 

ELEcTRIcAL: W. C. Johnson, 
Princeton, N. J. 

ENGINEERING DRAWING: W. E. Street, Chair- 
man, Texas A. & M. College 

EnGLisH: T. H. Farrell, Jr., Chairman, 
State University of Iowa 

EVENING ENGINEERING EpucaTion: K. W. 
Riddle, Chairman, Drexel Institute of 
Technology 

GRADUATE StupIES: N. A. Hall, Chairman, 
University of Minnesota 

HuMANISTIC-SociaL: W. K. Brown, Chair- 
man, Rensselaer Polytechnic Institute 

INDUSTRIAL ENGINEERING: J. R. Huffman, 
Chairman, University of California, Los 
Angeles 

MATHEMATICS: H. Reingold, Chairman, II- 
linois Institute of Technology 

MECHANICAL: B. T. MeMinn, Chairman, 
University of Washington 

MecuHanics: H. F. Mareo, Chairman, Air 
Force Institute of Technology 

MINERAL ENGINEERING: C. O. Frush, Chair- 
man, Iowa State College 

Puysics: D. Loughridge, Chairman, North- 
western University 

RELATIONS WITH INDUSTRY: 


K. Kraybill, 


Chairman, 


W. Burton, 


Chairman, Minnesota Mining and Manu- 
facturing Co. 

TECHNICAL INSTITUTE: K. Werwath, Chair- 
man, Milwaukee School of Engineering 
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SECTIONS 


ALLEGHENY: J. W. Graham, Jr., Chairman, 
Carnegie Institute of Technology 

ILLInoIs-INDIANA: O. W. Witzell, Chairman, 
Purdue Uniyersity 

KANSAS-NEBRASKA: R. M. Kerchner, Chair. 
man, Kansas State College 

MICHIGAN: G. H. Howell, Chairman, Wayne 
University 

MIDDLE ATLANTIC: C. C. Carr, Chairman, 
Pratt Institute 

MissourI-ARKANSAS: J. B. Macelwane, 
Chairman, St. Louis University 

NATIONAL CAPITAL AREA: D. C. Jackson, 
Jr., Chairman, Aberdeen Proving Ground 

NEw ENGLAND: E. R. McKee, Chairman, 
University of Vermont 

NortH Minwest: L. L. Amidon, Chairman, 
South Dakota State College 

Ou10: E. C. Clark, Chairman, Ohio State 
University 

Paciric NortHwWEst: J. B. Morrison, Chair 
man, University of Washington 

Paciric SoutHwEST: R. G. Moses, Chair. 
man, Pasadena City College 

Rocky Mountain: W. H. Parks, Chairmar, 
University of Denver 

SouTHEASTERN: D. W. Dutton, Chairmar, 
Georgia Institute of Technology 

SoutHwest: H. K. Bone, Chairman, Uni 
versity of Oklahoma 

Upper NEw YorKk-Ontario: B. H. Noren, 
Chairman, Syracuse University 


COMMITTEES 


ANNUAL MEETING: L. J. Lassalle, Chairmat, 
Louisiana State University 

ASSOCIATE INSTITUTIONAL MEMBERSHIP: 
G. D. Lobingier, Chairman, Westinghous 
Electric Corp. 

AToMiIc ENERGY Epvucation: P. N. Powers, 
Chairman, Monsanto Chemical Co. 

CONSTITUTION AND By-Laws: C. A. Brow, 
Chairman, General Motors Institute 

DEGREE DESIGNATION IN COLLEGES oF ENG 
NEERING AND TECHNICAL INSTITUTES: J. 
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H. Sams, Chairman, Clemson Agricultural 
College 

DWISIONS AND CURRICULAR COMMITTEES: 
L, J. Lassalle, Chairman, Louisiana State 
University 

ENGINEERING Economy: A. E. Gruehr, 
Chairman, Consolidated Edison Co. 
ENGINEERING ScHoot Lipraries: J. H. 
Moriarty, Chairman, Purdue University 
Braics: C. J. Freund, Chairman, University 
of Detroit 

FinaNcIAL Poticy: W. R. Woolrich, Chair- 
man, University of Texas 

GzorgE WESTINGHOUSE AWARD: R. S. Paf- 
fenberger, Chairman, Ohio State Univer- 
sity 

GraDUATE StuDy Provgecr (Ad Hoe): E. 
Weber, Chairman, Polytechnic Institute of 
Brooklyn 

HonokAaRY MEMBERSHIP: M. 8S. Coover, 
Chairman, Iowa State College 

HumANISTIC-SociAL RESEARCH PROJECT: 
E. 8. Burdell, Chairman, The Cooper 
Union 


OFFICERS OF DIVISIONS, SECTIONS AND COMMITTEES 205 


JAMES H. McGraw Awarp: H. R. Beatty, 
Chairman, Wentworth Institute 

JUDGES FOR YET Paper Contest: W. H. 
Crater, Chairman, Newark College of En- 
gineering 

LAMME AwakrD: C. L. Eckel, Chairman, Uni- 
versity of Colorado 

MEMBERSHIP: J. L. Artley, Chairman, Johns 
Hopkins University 

Nominating: W. R. Woolrich, Chairman, 
University of Texas 

PuBLIcATIONS: W. lL. Collins, Chairman, 
University of Ilinois 

RECOGNITION AND INCENTIVES FOR GooD 
TEACHING: R. W. Schmelzer, Chairman, 
Rensselaer Polytechnic Institute 

SECTIONS AND BRANCHES: B. R. Teare, Jr., 
Chairman, Carnegie Institute of Technol- 
ogy 

Society Functions: B. R. Teare, Jr., Chair- 
man, Carnegie Institute of Technology 

TEXTILE ENGINEERING: R. Carson, Chairman, 
Clemson College 

YouNG ENGINEERING TEACHERS: J. L. Art- 
ley, Chairman, Johns Hopkins University 


| 


~ New Members 


ARMANTROUT, Guy E., Teacher of Engineer- 
ing-Technology, Pasadena City College, 
Pasadena, California. Walter L. Johnson, 
Robert G. Moses. 

Barko, JAMES §8., Professor and Head of 
Graphics Department, USAF Academy, 
Aurora, Colorado. Archie Higdon, J. C. 
Hempstead. 

BENSON, RoLAND A. H., Conference Leader 
—Distribution Training, General Motors 
Institute, Flint, Mich. Harold M. Dent, 
Earl D. Black. 

Bogan, CHARLES W., Assistant Professor of 
Architecture, Catholic University of Amer- 
ica, Washington, D. C. Herbert Man- 
nucia, Joseph C. Michalowicz. 

Bucuta, J. WILLIAM, Professor of Physics, 
University of Minnesota, Minneapolis, 
Minn. Raymond J. Seeger, G. H. Hickox. 

CARTER, ARCHIE N., Manager of Highway 
Division, The Associated General Contrac- 
tors of America, Inc., Washington, D. C. 
R. L. Peurifoy, Arthur J. MeNair. 

CasE, Luoyp N., Vice President and Dean 
of Men and Head of Structural Design 
Department, Cogswell Polytechnical Col- 
lege, San Francisco, California. E. W. 
Smith, Robert W. Dodd. 

CHENG, Davin K., Professor of Electrical 
Engineering, Syracuse University, Syra- 
cuse, New York. Norman Balabamion, 
Wilbur R. LePage. 

Cor, Epwarp H., Assistant Professor of 
Civil Engineering, University of Illinois, 
Navy Pier, Chicago 11, Ill M. V. J. 
Dembski, Harold R. Goppert. 

CRONIN, JuSTIN C., Acting Chairman of the 
Department of Industrial Management, 
Boston College, Boston, Mass. Joseph V. 
D’Avilla, Paul O’Donnell. 

CurrAN, T. BaiLEy, Head of Chemistry De- 
partment, Bridgeport Engineering Insti- 
tute, Bridgeport, Conn. Arthur E. Keatz, 
Stanley R. O’Meara. 

DREIER, THEODORE, Manager of Engineering 
Development, Clock and Timer Depart- 
ment, General Electric Company, Ashland, 
Mass. A. M. Anderson, M. M. Boring. 
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ELLER, ERNEST M., Director of Engineering, 
Bucknell University, Lewisburg, Py, 
George A. Irland, K. L. Holderman. 

Furuin, Louis JRr., Instructor in Technical 
Department, Central Technical Institute, 
Kansas City, Missouri. C. L. Foster, 
N. E. Vilander. 

HALLIDAY, Davip, Head of Department of 
Physics, University of Pittsburgh, Pitts 
burgh, Pa. R. C. Gorham, Philip E, Rush, 

HaArTJE, GEORGE F., Instructor in Industrial 
Engineering, Purdue University, Lafay- 
ette, Indiana. John M. Hayes, L, 1, 
Wyly. 

HEHNER, HARRY Omar, Assistant Manager 
Technical Recruiting, Monsanto Chemical 
Company, St. Louis, Mo. R. M. Oliver, 
Gerald Nadler. 


HENDERSON, PHILIP H., Placement Repre. 


sentative, Employee Relations, E. I. du 
Pont de Nemours and Company, Wilming. 
ton, Del. C. B. Hill, J. G. Buckley. 

HENDRICKSON, JOE R., Professor of Applied 
Mechanics, Vanderbilt University, Nash- 
ville, Tenn. Fred J. Lewis, Bruce Boyer 

HERALD, CHARLES A., Instructor in Engineer 
ing Extension, The Pennsylvania State 
University, University Park, Pa. J. 0. 
Harring, V. E. Neilly. 

Hueeins, H., Professor of 
trical Engineering, Johns Hopkins Uti 
versity, Baltimore, Maryland. John L 
Artley, J. T. Thompson. 

HutcHInson, JoHN W., Instructor in Civil 
Engineering, University of Illinois, Ur 
bana, Ill. Jamison Vawter, Ellis Danner. 

JONES, WINTHROP G., Instructor in Engi 
neering, Central Technical Institute, Kar 
sas City, Mo. C. L. Foster, N. E. Vilande. 

Koenig, J. FRANK, Assistant Professor of 
Electrical Engineering, Duke University, 
Durham, North Carolina. Edward —& 
Kraybill, Harry A. Owen, Jr. 

KRANZBERG, MELVIN, Associate Professor 0! 
Social Studies, Case Institute of Technol 
ogy, Cleveland, Ohio. F. H. Vose, Wa 
W. Aubriton. 

Kriecer, Harry, JR:, Manager, Camden 
gineering Personnel, Radio Corporation of 
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America, Camden, New Jersey. W. Leigh- RooNEyY, WALTER R., Chief, Engineering 
ton Collins, S. H. Pierce. Edueation, National Security Agency, 
lerteR, GLENN Q., Head and Professor of Washington, D. C. Sydney B. Ingram, 
Physics, Eastern Illinois State College, J. G. Wohlford. 

Charleston, Ill. C. E. Bennett, W. Leigh- Scorr, Pearu A., Instructor in Central Tech- 


ton Collins. nical Institute, Kansas City, Mo. C. L. 
Morris, CHARLES, Instructor of Engineering Foster, N. E. Vilander. 
in gineering Mechanics, New York University, New SELLON, WituiAM A., Assistant Professor 
sburg, p, | York, N.Y. F. L. Singer, Wm. G. Plum- of Industrial Arts, Ohio University, 
erman, tree. Athens, Ohio. E.J. Taylor, Paul H. Black. 
n Technica) | MoxtToN, WALTER B., Assistant Electrical SHAH-Nazarorr, LEONID G., Assistant Pro- 
1 Institute, | Engineer, Pennsylvania Power and Light fessor of Civil Engineering, Drexel Insti- 
L. Foste, { Company, Allentown, Pa. N. 8S. Hibsh- tute of Technology, Philadelphia, Pa. N. 
man, Allen P. Richmond, Jr. W. Blakeslee, C. L. Bachman. 
yartment of | Moyer, RicHARD L., Assistant Professor of SMETHERS, JOHN W., Assistant to Director 
urgh, Pitts | Mechanical Engineering, University of of Engineering Evening School, Georgia 
lip E. Rush | Delaware, Newark, Del. H. L. Bueche, Institute of Technology, Atlanta, Ga. M. 
n Industrial } James I. Chower. M. McClure, R. S. Howell. 
ity, Lafay- McCLuRE, JAMES D., in service (formerly SmMiTH, Harry C., Director of Education and 
yes, L. 1. Teaching Assistant of Department of Ap- Training, United States Steel Corporation, 
nt: Manager plied Mechanics, University of Kansas), Pittsburgh 30, Pa. W. P. Jones, W. 
to Chemie! Fort Knox, Ky. Kenneth C. Deemer, G. Leighton Collins. 
M. Olive, |: Bradshaw. SoELLNER, Roy O., Instructor of Technical 
’ | MoEtrarH, GAYLE W., Associate Professor Department, Central Technical Institute, 
rent Repr- | i Industrial Engineering Division, Me- Kansas City, Kansas. C. L. Foster, N. E. 
3, E. L ‘hanical Engineering Department, Univer- Vilander. 
y, Wilming. J sity of Minnesota, Minneapolis, Minn. A. STEINBERG, Max J., Division Engineer of 
ekley. C. Jordan, Adolph O. Lees. Consolidated Edison Company of N. Y. 
of Applied | McKinnon, Gorpon J., Staff Assistant, Op- Incorporated, New York. Anatole R 
‘sity, Nash J erations Staff, Michigan Consolidated Gas Gruebe, H. F. Roemmele. 
ruce Boyer} Company, Detroit, Michigan. SrockeL, Ivar H., Assistant Professor of 
n Engineer | Payson, FREDERICK H., Partner and Man- Mechanical Engineering, U. S. Naval Post- 


ania State} ager of Consulting Engineers, C. A. Ma- graduate School, Annapolis, Md. Arthur 
Pa. J. 0. guire and Associates, Providence, Rhode E. Bock, L. R. Mann. 
Island. F. W. Stubbs, Jr., T.S. Crawford. SuLuivan, THomas E., Director of Pre-En- 


pking Us Pena, Istpro R., Professor of Chemical En- gineering Department, Rockhurst College, 
John L gineering, College of Agriculture and Me- Kansas City, Mo. Ross R. Heinrich, Vic- 

7 chanic Arts, Mayaguez, Puerto Rico. tor J. Blum. 

tor in Civil | %2an H. Sanchez, A. C. Soler. SWEIGERT, Ray L., JR., Graduate Assistant 

llinois, Ur PERKINS, THEODORE M., Head of Mechanical in English (technical writing), Georgia In- 

lis Danner | =ngineering Department, Bridgeport En- stitute of Technology, Atlanta, Ga. R. L. 


r in Engi gineering Institute, Bridgeport, Conn. Sweigert, W. D. Jones. 
‘itute, Kar: Arthur E. Keating, Stanley R. O’Meara. TAYLOR, CHARLES E., Assistant Professor of 
B. Vilander | 2, Roperr C., Assistant Professor of Theoretical and Applied Mechanics, Uni- 


rofessor of | Chemical Engineering, Massachusetts In- versity of Illinois, Urbana, Ill. Clyde E. 

University, | stitute of Technology, Cambridge, Mass. Kesler, W. Leighton Collins. 

Sdward Kf H.F. Johnson, E. E. Pilkentreat. WarREN, RicHarD, Chairman of Physics, 
RicHMOND, WILLIAM OsBorN, Head, Depart- Michigan College of Mining and Technol- 

-rofessor ff ment of Mechanical Engineering, Univer- ogy, Houghton, Michigan. Glenn O. 

of Techni § sity of British Columbia, Vancouver, B. C. Lefler, W. Leighton Collins. 

Vose, Wa Pauchland, M. Pouches. Watson, RayMonpD C., JR., Instructor in De- 
RosInson, JoHN A., Secretary of Bridgeport partment of Engineering, Jacksonville 

‘amden Ex Engineering Institute, Bridgeport, Conn. State College, Jacksonville, Fla. Charles 

poration of 4. Keel, Stanley R. O’Meara. P. Hayes, Joseph A. Bennett. 
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WEGER, Eric, Assistant Professor of Chem- 
ical Engineering, The Johns Hopkins Uni- 
versity, Baltimore, Maryland. Robert H. 
Roy, H. E. Hoelscher. 

WELCH, Homer W., JR., Associate Professor 
of Electrical Engineering, University of 
Michigan, Ann Arbor, Mich. William 
Kerr, S. S. Attwood. 

WILLIAMS, LEO, JR., Professor of Electrical 
Engineering, Prairie View A. and M. Col- 


lege, Prairie View, Texas. J. M. Graham, 
C. L. Wilson. 

ZOERB, GERALD C., Assistant Professor oj 
Agricultural Engineering, South Dakots 
State College, Brookings, S. D. Dennis 
L. Moe, H. H. DeLong. 


57 new members this list 
54 previously added 


111 new members this year 
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Teaching Positions Available 


The following rules were adopted by the General Council of the ASEE: 


The privilege of advertising for teaching positions is extended only to colleges and 
technical institutes which are either Active or Affiliate Institutional Members of the 
ASEE. Advertisements must be for positions available only. No advertisements will 
be accepted for an individual seeking a job. 

Advertisements must be submitted not later than the first day of the month pre- 
ceding the month of issue. Because of limited staff, the ASEE headquarters cannot 
maintain personnel files or supply detailed information about jobs. In replying to 
blind ads, address letters to American Society for Engineering Education, University of 
Illinois, Urbana, Illinois and give blind ad number. Information and rates for advertis- 
ing in the Journal can be received by writing ASEE Headquarters. In order to conserve 
space and achieve uniformity, the privilege is reserved to rearrange advertisements. 


ASERODYNAMICS OR FLUID MECHAN- EXCELLENT OPPORTUNITY OPEN 
is position open for undergraduate and for an assistant or associate professor in 
graduate teaching. Desires man who either a Southeastern University to develop grad- 
is, or will be, an outstanding teacher for uate study in Soil Mechanics and to take 
both undergraduate or graduate courses. charge of undergraduate work in same field. 
Man must have proven ability for research Salary for nine-month academic year. 
md publication. Subsonic and supersonic OCT-1 

research facilities available. Advanced de- 

gree required. Rank and salary open. 

Please forward complete details of educa- 

tion, experience and personal background to 

Chairman, Department of Aeronautical En- 

gineering, University of Detroit, Detroit 21, 

Michigan. 
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t 


Section 


Allegheny 


Illinois-Indiana 
Kansas-Nebraska 
Michigan 

Middle Atlantic 
Missouri-Arkansas 


National Capital 
Area 


New England 
North Midwest 


Ohio 
*Pacific Northwest 
Pacific Southwest 


*Rocky Mountain 


Southeastern 


Southwest 


Upper New York- 
Ontario 


Section Meetings 


Location of Meeting 


Carnegie Institute of 


Technology 
Purdue University 
University of 


Nebraska 
Wayne University 


New York University 


St. Louis University 


Capital Radio 
Engineering 
Institute 

University of Maine 


South Dakota 
State College 


Ohio State University 


California Institute 
of Technology 
Denver University 
Tulane University 

Texas Western 


College 


Syracuse University 


Dates 
April, 1956 


May 12, 1956 

Oct. 22-23, 
1955 

May 6, 1956 

Dee. 3, 1955 

April 7, 1956 


Oct. 11, 1955 


Oct. 8, 1955 


Nov. 4-5, 1955 


April 28, 1956 


Dee. 28-29, 


1955 


April 5, 6, 7 


March 30-31, 


1956 


Oct. 14-15, 
1955 


Chairman of Section 


J. W. Graham, Jr, 

Carnegie Institute of 
Technology 

O. W. Witzell, 

Purdue University 

R. M. Kerchner, 

Kansas State Colle 

G. H. Howell, 

Wayne University 

C. C. Carr, 

Pratt Institute 

J. B. Macelwane, 

St. Louis University 

D. C. Jackson, Jr., 

Aberdeen Proving 
Ground 

E. R. McKee, 

University of Vermont 

L. L. Amidon, 

South Dakota State 
College 

E. C. Clark, 

Ohio State University 

J. B. Morrison, 

University of 
Washington 

R. G. Moses, 

Pasadena City College 

W. H. Parks, 

University of Denve 

D. W. Dutton, 

Georgia Institute of 
Technology 

H. K. Bone, 

University of 
Oklahoma 

B. H. Norem, 

Syracuse University 


Members of the Society are welcome at all Section Meetings 
* No Date Set. 
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control systems permit 


variety of lab experiments 


The amplidyne is an important equip- 
ment in industry today, contributing 
greatly to the accuracy, speed of re- 
sponse, and flexibility of control and 
regulating systems. The availability of 
seven different control fields on the 
educational amplidyne generator per- 
mits a variety of experiments, such as: 


® Saturation curve studies 


® Relative effectiveness per ampere of 
control field 

® Load-voltage characteristic studies 

®@Efficiency tests and amplification 
characteristic studies 

The educational amplistat demonstrates 

the principles of the self-saturating, 


polarity-conscious magnetic amplifier. 

You can readily set up the unit with 

other standard laboratory equipment to 

perform many basic experiments: 

@ Voltage and current regulation of 
small generators 

@ Motor-speed control 

@ Operation of positioning systems 

@ Demonstration of principles of d-c 
current transformers and saturable 
reactors 

For further information, contact your 

nearest G-E Apparatus Sales Office or 

write for bulletin GEC-1349, Amplistat, 

or GEC-590C, Amplidyne. General 

Electric Co., Schenectady 5, N. Y. 688-11 
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= NEW and AUTHORITATIVE f 


BOOKS 


PRINCIPLES OF METAL CASTING 
By RICHARD W. HEINE and PHILIP C. ROSENTHAL, University of Wis- 
consin; in cooperation with the Textbook Committee of the Education Division, 
American Foundrymen’s Society. 648 pages, $7.50 
A textbook for teaching metal casting in engineering colleges and departments. It is a 
thorough treatment of the subject, and can be used either for the general foundry processes 
survey course or the more detailed technical course in basic foundry metallurgy. No 
processes other than metal casting are considered. Sample problems and calculations, 
tables, graphs, line diagrams, photographs, etc., are used to illustrate the principles. 


TOOL ENGINEERS HANDBOOK 
Prepared by the American Society of Tool Engineers, FRANK W. WILSON, 
Editor-in-Chief. 2005 pages, $15.00 
A monumental reference volume covering all phases of planning, control, design, tooling, 
and other operations involved in the mechanical processing of finished products. It 
presents, in 115 separate sections, the current, generally approved and accepted technical 
data from all responsible sources. It provides données answers needed in making 
or affecting every variety of tool engineering decision. It covers the latest in tool design, 
fabrication, maintenance and utilization . . . discusses everything from product design 
and cost estimating through the economical selection of machines, processes and tools to 
the analysis and improvement of setups and operations, including much data never 
before made available. 


MECHANISM 
By JOSEPH STILES BEGGS, Hughes Aircraft Company, Culver City, California. 
McGraw-Hill Series in Mechanical Engineering. 418 pages, $6.50 
Written for courses in advanced kinematics. The choice of notation and the use of the 
canonical vector equations of relative velocity and acceleration offer the student an 
almost standard approach to the analysis of mechanism, and result in the rapid facility 
and understanding in solving complex problems in mechanism. In order to illustrate 
the relative merits of the graphical and analytical approach, several mechanisms are 
analyzed by both methods. A glossary of terms is included in an appendix, and a 
—w- divided into eleven categories, may be used as reference independent of 
the text. 


MACHINE DESIGN 
By PAUL H. BLACK, Ohio University. New Second Edition. 496 pages, $7.50 


A popular text that enables the student to design safer, more economical, more efficient 
machines with emphasis on design rather than analysis. It acquaints the student and 
engineer with the design of machine elements and the design and selection of units of 
power transmission, all incorporating optimum characteristics of strength, rigidity, wear, 
and economy of manufacture and operation. Particular attention is given to approaches, 
assumptions, explanations, and special considerations and applications. 


BOUNDARY LAYER THEORY 
By DR. HERMAN SCHLICHTING, Braunschweig, Germany; translated by J. 
KESTIN, Brown University. McGraw-Hill Series in Mechanical Engineering. 556 
pages, $15.00 

A Pergamon Press import, translation of the classical German work including material 

previously classified, confidential, or secret. The book introduces the mathematical 

and physical background of the problems involved in the motion of viscous fluids. The 
basic equations of the boundary layer theory as they are derived from the Navier-Stokes 
equations of motion are discussed in detail. The boundary layer theory is then extend 

to the laminar and to the turbulent boundary layer, and attention is given to the problem 
of the development of turbulence. Emphasis is on the fundamental physical ideas 
rather than on mathematical refinement. 
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McGRAW-HILL 


FUNDAMENTALS OF TRANSPORTATION ENGINEERING 


By ROBERT G. HENNES, University of Washington; and MARTIN EKSE, 
University of Washington. McGraw-Hill Series in Civil Engineering. In press 


The first text combining a treatment of five types of transportation engineering 
in a single volume. Designed for Civil Engineering courses including basic instruc- 
tion in roads and pavements, railway engineering, river and harbor engineering, 
airfield design, and pipe lines and belt lines. The material in each section is adapt- 
able to design and layout projects for both students and professional engineers and 
appropriate cross references are made to tie the sections together and to avoid 
duplication of coverage. All planning, design, and construction standards are up to 
date and in accordance with the various transportation commissions. 


TRAFFIC ENGINEERING 


By THEODORE M. MATSON, WILBUR S. SMITH, and FRED W. HURD, 
Yale University. McGraw-Hill Series in Civil Engineering. 672 pages, $12.50 


This new book brings together the general knowledge of traffic engineering and 
provides a text for traffic engineering training courses and a reference for those 
engaged in highway traffic planning, operations, and administration. Highway 
traffic phenomena is explained by simple and elementary analysis. It also shows 
how highway traffic treatments are founded in restrictive methods on one hand and 
constructive measures on the other, both of which take place in the environment of 
administration and planning. 


CONSTRUCTION, PLANNING, EQUIPMENT, AND METHODS 


By R. L. PEURIFOY, Texas A. & M. College. McGraw-Hill Series in Civil 

Engineering. In press 
An outstanding new book applies the fundamentals of engineering to the field of 
construction for students in engineering, architecture, and related fields. For pro- 
fessional men in the construction industry, a guide in planning construction projects, 
selecting the most suitable construction equipment and methods for each project; 
for professional engineers and architects, a guide for use in designing projects and 
writing specifications employing the most satisfactory and economical construction 
methods. It also provides a basis for analyzing the performance, cost, and suit- 
ability of various types of construction equipment—a valuable aid to manufacturers, 
distributors, and users of construction equipment. 


MOTION AND TIME STUDY 
By GERALD NADLER, Washington University, St. Louis, Missouri. 542 
pages, $7.50 
This book sets forth an operating procedure found to be highly successful in all 
types of motion and time study work. There is a detailed presentation of new 
techniques and adaptations along with old techniques. The problems which have 
been facing, and still face, motion and time study practitioners are presented; their 
effect on concept and practice is detailed, and solutions are given where possible. 
Concepts, drawn from all industries, are interspersed with practical illustrations to 
show how techniques can be adapted and changed to meet individual needs. A 
WORKBOOK correlated with the text is also available. 


McGRAW-HILL BOOK COMPANY, INC. one 
330 West 42nd Street New York 36, N.Y. = 
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DESIGN OF REINFORCED CONCRETE 


By BORIS W. BOGUSLAVSKY, Professor of Structural 
Design, School of Architecture, Georgia Institule of Technology 


This new text introduces the student to structural theory, as applied to the 
analysis and design of reinforced concrete members, and to practical, up-to- 
date design procedures and techniques. Dr. Boguslavsky offers a compre- 
hensive presentation of formulas and methods, including a detailed discussion 
of two-cycle moment distribution, which he views as the most efficient method 
in the field of analysis of continuous structures. The text is supplemented by 
numerous illustrative and assignment problems. 


To be published in the late Fall 


PRINCIPLES OF TURBOMACHINERY 


By DENNIS G. SHEPHERD, Professor of Heat Power, 
Sibley School of Mechanical Engineering, Cornell University 


Incorporating into a single volume material hitherto available only in widely 
varied texts, Dr. Shepherd offers an integrated treatment of all forms of 
turbomachinery. Chapters on dimensional analysis, the flow of fluids and 
transfer of energy provide a background of general principles which are 
specifically applied to several types of pumps, compressors and turbines. 


To be published early next year 


FREQUENCY RESPONSE 


Edited by RUFUS OLDENBURGER, Director of Research, 
The Woodward Governor Company, Rockford, Illinois 


Among eight new articles added to the papers of the 1953 Frequency Response 
Symposium are two important articles by Russian engineers Goldfarb and 
Tsypkin, containing information previously available only to restricted govern- 
ment laboratories. The material in this book ranges from basic theory to 
statistical methods and to the application of frequency response in process 
controls, servomechanism design and power systems. 


To be published in the late Fall 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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IF IT’S 
CHALLENGE 
YOU WANT... 


i Sas challenges and problems forthe 
engineer in the automatic control 
field are unique in their variety and in 
the insight provided into all of the 
industries of today’s modern world. 


The photos you see here symbolize 
- a very few of the fields for which 


RESEARCH 


Honeywell’s several divisions build 
controls. 

These controls are made possible by 
the creative imagination of highly 
trained engineers working with the 
very latest research and test facilities. 

With nine separate divisions located 
throughout the United States and 
with factories in Canada, England and 
Europe, Honeywell offers unlimited 
opportunities in a variety of challeng- 
ing fields. Based on diversification and 
balance between normal industry and 
defense activities, Honeywell will con- 
tinue to grow and expand. 

That is why we are always looking 
for men with ideas and imagination 
and the ambition to grow with us. In 
addition to full time engineering and 
research employment we offer a Co- 
operative Work Study program, a 
Summer Student Work Study pro- 
gram and we sponsor Graduate Fel- 
lowships in a number of leading 
universities. 


Honevwe 1] 
Fist in, Coutols. 
Divisions: Appliance, Aeronautical, 
Commercial, Heating Controls, Heiland, 


Industrial, Marine, Micro Switch, 
Ordnance, Transistor, Valve 


Executive offices: Minneapolis, Minn. 
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THE TECHNOLOGY OF CEMENT AND CONCRETE 
Volume |—Concrete Materials 


By Rosert F. Bianxs, Great Western Aggregates, Inc., Den- 
ver, Colo., and Henry L. KeEnNeEpy, Dewey and Almy Chemical 
Co., Cambridge, Mass. The first part of a projected two-volume 
work, this book clearly presents the known facts about the 
materials used in concrete. Detailed discussions span the full 
range from portland cement to special-purpose cements. Con- 
crete aggregates are fully covered, treating types, geology, 
effects, and testing. An introduction includes material on his- 
tory, economics, versatility and limitations of concrete. 1955. 


422 pages. $11.00. 


INDUSTRIAL FURNACES 
Volume Il, Third Edition 


By W. Trinks, Carnegie Institute of Technology. More than 
half this volume has been rewritten for the third edition. It 
contains the latest available information on fuels and electrical 
energy, plus added material on new equipment and new types 
of furnaces. New sections describe furnaces for high-speed 
heating and for autogenerated, hot, protective atmospheres. 
Salt baths are covered in detail, treating electric heating, control 
of composition, and the difficulties of automatic conveying. 
There are new charts and 117 new illustrations. 1955. 358 


pages. $10.00. 


INDUSTRIAL FURNACES 
Volume |, Fourth Edition 
By W. Trinks. 1951. 526 pages. $12.75. 


COLLEGE ALGEBRA AND TRIGONOMETRY: 
A Basic Integrated Course 
Second Edition 


By Freperic H. Mitier, The Cooper Union School of Engi- 
neering. Gives a unified treatment of a// basic principles and 
stresses the interrelationship of the two subjects. Most exer- 
cises have been replaced by new ones in the second edition, and 
supplementary problems are inserted at chapter-ends. There 
are 2100 problems in all—an increase of almost 15% over the 
first edition. 1955. 342 pages. $4.50. 


Send today for on-approval copies. 
See page 15 and outside back cover for news of other Wiley Books. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 


PRINCIPLES OF INDUSTRIAL WASTE TREATMENT 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 


By C. Frep Gurnuam, Michigan State University. The first 
work to examine industrial waste treatment from the “unit 
operations” viewpoint, this text is devoted mainly to a discus- 
sion of operations and processes used to treat wastes before 
discharge into natural waters or municipal sewers. The author 
describes pretreatment operations, physical treatment, chemical 
treatment, biological treatment, and final disposal. Sources of 
wastes, their pollutional effects, and a brief review of major 
industry problems are alsocovered. 1955. 39Opages. Text- 
book edition, $8.50. 


PRINCIPLES OF FARM MACHINERY 


By Roy Barner, University of California, R. A. Kepner, 
University of California, and E. L. Barcer, Massey-Harris- 
Ferguson, Inc. Summarizes and integrates a vast amount of 
engineering information never before available in a single vol- 
ume. Emphasis is on the functional requirements of various 
field operations and the background information needed in 
designing machinery to perform these operations. Methods 
for testing performance are included. In addition, there are 
discussions of materials, power transmission, economics, hy- 
draulic controls, etc., as applied to farm machinery. A volume 
in the Fercuson FounDATION AGRICULTURAL ENGINEERING 
Series. 1955. Approx. 576 pages. Prob. $8.50. 


AIRCRAFT GAS TURBINES 


By C. W. Situ, General Electric Company. Presents a 
rounded picture of the aircraft gas turbine power plant. Stress- 
ing basic theory, it offers an authoritative source of information 
on the design of the components, the calculation, analysis and 
prediction of performance, the correction of test results, and the 
presentation of performance data. Much of the material applies 
to stationary as well as to aircraft power plants. This is the 
first book to adopt throughout the practice of expressing equa- 
tions in terms of the isentropic factor X. One of a series written 
by General Electric authors for the advancement of engineering 
practice. 1955. Approx. 470 pages. Prob. $8.50. 


Send for on-approval copies. 


See page 14 and outside back cover for news of other Wiley Books. 
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——Selected RONALD Locks . . 


HYDRAULIC OPERATION 
and CONTROL of MACHINES 
fan McNeil, A. I. Mech. E. 


COMPREHENSIVE discussion of the principles and applications of hy- 
draulic equipment. Covers hydrostatics; pumps and motors; valves and 
circuits; power-saving devices; maintenance, etc. Details the use of hy- 
draulic machinery for machine tools, mining, agriculture, aeronautics, 


marine engines, and lifting devices. 
31 plates, 103 figures, 324 pp. 


ELEMENTARY ELECTRIC-CIRCUIT THEORY 


Richard H. Frazier, Massachusetts Institute of Technology 


NOW AVAILABLE AGAIN. Book offers complete, elementary exposition 
| of electric-circuit theory, with applications in the fields of electric power, 


communications, and electronics. Covers clearly and concisely the steady 
and transient states in direct and alternating current circuits having linear 


parameters. 
277 ills., tables; 434 pp, 


STRUCTURAL DESIGN 
in REINFORCED CONCRETE 


Clifford D Williams, Patchen and Zimmerman; and 
Charles E. Cutts, University of Florida 


EMPHASIZES general design principles without detailed analyses of their |} 
application to complex structures. Seiten are derived and used con- 
tinuously; problems developed from strength of materials concepts. Special 
sections on construction methods, pre-stressed concrete, design of circular 
tanks, compression and bending in two directions. 

211 ills., tables; 308 pp. 


ELEMENTS of STRUCTURAL ENGINEERING 


Ernest C. Harris, Fenn College 


APPLIES principles of structural engineering to examples and problems 
faced by non-civil engineers. Engineering fundamentals inherent in original 
design of buildings are highlighted by analyzing effect of new electrical and 
mechanical equipment on safety. Appendices include tables of section 
properties, load data, and symbols. 

423 ills., tables; 505 pp. 


STATICALLY INDETERMINATE STRUCTURES 


Paul Andersen, University of Minnesota 


FOR THE FIRST course—directly relates structural analysis to structural 
design. Numerical applications of actual design problems are an integral 
part of the work, es includes an entire chapter on typical design prob- 
lems. Emphasizes deflections and their importance in understanding the 
behavior of structures under heavy loads. 

370 ills., tables; 318 pp. 
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HANDBOOK OF INDUSTRIAL ENGINEERING 


AND MANAGEMENT 


Edited by W. GRANT IRESON AND EUGENE L. GRANT, Stanford Uni- 


versity 


The most comprehensive compendium 
in its field, this authoritative new hand- 
book is invaluable as a reference for 
management and industrial engineering 
students, and is also outstanding as a 
text for the first or later courses in 
management. Each chapter is an infor- 


mation unit which the student can 
understand without referring elsewhere. 
Yet, handy cross-references help him 
quickly locate related topics in other 
sections, or tell him where to find added 
details on certain points. 


G23" 1203 pages . July, 1956 


HANDBOOK OF INDUSTRIAL STATISTICS 
By ALBERT H. BOWKER and GERALD J. LIEBERMAN, Stanford Uni- 


versity 


This new book covers statistical quality 
control, sampling inspection, the design 
and analysis of experiments, basic con- 
cepts, common significance tests, curve 
fitting, analysis of variance and analysis 
of enumeration data, 


Special attetion is paid to methods of 
making decisions with preassigned risks 
on the basis of the limited information 
afforded by samples. These methods are 
illustrated by examples. 


6" 2 9" 197 pages August, 1955 


PRINCIPLES OF COMMUNICATION SYSTEMS 
By W. D. HERSHBERGER, University of California at Los Angeles 


In this new text the fundamental prin- 
ciples and concepts found in all com- 
munications systems are treated and 
their application to specific systems is 
then shown. The systems considered are 
diverse in signal spectra, in information 
rate, and other characteristics. 


5%" z 834" 


ELECTRONIC CIRCUITS 


No book at other than a highly special- 
ized level is available which treats the 
concepts common to all communication 
systems, such as noise, information 
theory, and spectral analysis, 


258 pages June, 1955 


By THOMAS L. MARTIN, JR., University of Arizona 


This new text is a complete course in 
electronic circuitry, containing impor- 
tant aids designed to ease the teacher’s 
job. Principles of formulation are de- 
scribed and illustrated for many special 
cases. The technique of deriving design 
equations is stressed. Contents range 


55%" z 83%" 


from general theory ... analysis of 
class “A” circuits ... oscillators ... 
to principles of modulation .. . wave 
shaping ... trigger circuits. Ample 
material is included to lead to the de- 
sign of the circuit under discussion. 


pages May, 1956 


TWO BOOKS ABOVE IN THE PRENTICE-HALL ELECTRICAL 
ENGINEERING SERIES, W. L. EVERITT, EDITOR 


For Approval Copies write 
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DESIGN OF PRESTRESSED CONCRETE STRUCTURES 


By T. Y. Lin, University of California. This book emphasizes 
American methods and conditions, and the cost of prestressing 
in the United States. It begins with the materials and methods 
of prestressing, and continues on through loss of prestress, 
design for flexure, shear, bond, composite sections, continuous 
spans, prestressed columns, and tanks. It concludes with a 
compact discussion of economics, fire and corrosion resistance, 
impact and fatigue strength. 1955. 456 pages. $11.50. 


BEARING LUBRICATION ANALYSIS 


By R. R. Staymaker, Case Institute of Technology. A com- 
prehensive review as well as an illuminating discussion of new 
techniques in the field. Gives you the general principles of 
lubrication analysis for full journal bearings and bearing design. 
Also included is an analysis of the characteristics of various 
bearing materials and a discussion of the so-called oilless bear- 
ings. It is fully illustrated with case studies and numerical 
examples. Includes the first appearance in book form of a 
practical method of predicting temperature rise and oil viscosity 
in one operation, eliminating trial-and-error solutions. 1/955. 


108 pages. $5.00. 


ELECTRONIC TRANSFORMERS AND CIRCUITS 
Second Edition 


By Reusen Lee, Westinghouse Electric Corporation. The 
second edition of this widely used book covers many recent 
developments. There are new chapters or sections on magnetic 
amplifiers, pulse circuits, reactor surges, toroid cores, r-f power 
supplies, wide-band transformers, and charging chokes. The 
illustrations have been thoroughly revised and there are numer- 
ous charts that greatly reduce the time necessary to make design 
calculations. The relations and attributes common to a/l/ elec- 
tronic transformers and reactors are emphasized. 1955. 


Approx. 364 pages. Prob. $7.50. 


Send today for on-approval copies. 
See pages 14 and 15 for news of other Wiley Books. 
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